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GENERAL REPORT 

ON THE WORK CARRIED ON BV THE 

GEOLOGICAL SURVEY OF INDIA 

FOR THE PERIOD FROM THE 1ST APRIL 

1898 

TO THE 3 1 ST MARCH 

1899. 


Part I.— HEAD-QUARTER NOTES. 


Director's Tours, 


Daring the twelve months under review, I made 
the following tours:— 

(t) From the 17th May to 22nd June 1898 to Simla to arrange 
the programme of surveys for the year under review. 

From the 3rd to the 30th July 1898 to the Madras Presidency on 
inspection. 

From the 7th October to the loth November 1898 to the Kumaun 
Himalayas to re-visit certain sections north-east of Almorah which 
had been surveyed some years ago by myself and which required 


(0 

( 3 ) 


revision. 

(4) From the 9th to the 31st March 1899 to Rajputana to inspect 
Mr. LaTouche’s surveys. 


I. Museum and Laboratory. 

The Curator, Mr. C. S. Middlemiss, B.A., reports as follows t— 

“ On the ist November 1898 , 1 took over the curatorship from Dr. T. L. 

Walker, and the following is a brief report on the work 
Change of Curators. in the Museum and the Laboratory during the 

past year. 
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Geological Survey of India. 


'*The upper north gallery of the Museum was closed to the public during 
Biuseum, whilst extensive re-arrangements o£ the 

- collection were in progress, consequent on the removal 

ot the type-specimens referred to in the last annual report. This work is 
still in progress. 

“ Of the 84 cases of economic specimens in the mineral and rock gallery, 
10 more have now been labelled, leaving i6 still to do. 

' The collection of Himalayan triassic fossils received back from Vienna 
has been numbered with the type-numbers and put away. All other returned 
types have similarly been disposed of, so that the type-collection is now in 
complete order. 

“ Numerous assays and a few complete analyses have been made in the 
Laboratory. laboratory by Dr. Walker* and Mr. Blyth. Consider- 

able difficulty has been felt in carrying out quantita- 
tive analyses by the lack of a special room detached from the laboratory itself 
where qu*et, freedom from dust and privacy may be obtained. The 
diffioulty of obtaining chemically pure re-agents from local sources has also 
be *11 a hindrance in the past; but this will now be remedied, it is hoped, by 
orders for re-agents having been sent to well-known European firms. 

Increased accommodation in the Officer's work-room has been obtained 
by lining the walls with shelves for the reception of collections under examina- 
tion. 


Meteorites. following meteoritic irons have been obtained 

by exchange from Mr. H, A. Ward of New York 
Roelourne, Queensland, Australia; found 1894- 
Balhnoo, on the tributary of Murchison River, 10 miles south 
of Ballinoo, West Australia; found 1893. 

Smiihville, De Kalb Co., Tennessee, United States, America; 
found 1893. 

Mungindi, Queensland, Australia; found 1897, 

M Capitan, Bonito, North Mexico; found 1893. 

Nocoleche (no details as to history of this meteorite sent). 

* A stony meteorite which fell at Gambat (lat. 27^24' and long. 68^27') in 
Meteorite Fall, Khairpur State, Sind, on the 15th September 1897, 

has been added to our collection. The fall is reported 
to have taken place m bright sunshine at 4 p.m. There was a loud report 
heard, followed by a sharp whizzing sound, and then a thud as it struck the 
ground the soil of which it penetrated to a depth of ii inches at an angle of 
50® with the horizon. * 


It was almost completely covered with the usual black crust, being a 
perfectly whole meteorite. Weight 7,171 grains, specific gravity 3-53, size in 
inches 84 X 7 \ x si It has been modelled and portions of it have been 
disposed or in the usual way. 
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The following is a list of donations made to the 


Museum during the past year 


Present 


Specimens of blue kyanite rock with emphyllite • 

Twinned crystal of muscovite , . • • . 

The meteorite that fell in a field atGambat, Khairpur 
State, Sind, on the 15th September 1897, weight 7,170-95 
grammes. 

Fossil found in a bed of conglomerate 60 feet thick, 
near Chab tunnel, halfway between Tand and Makhud, 
12 miles from the Indus, Rawal Findi district, formation 
Siwaliks. 

Three fossils from the Slwalik Hills, and a specimen of 
Caunopora placenta in Stromatopora (**Stagshorn *’) ele- 
gans, from the Chinkerwell quarry, by Teignmouth Road, 
near St. Mary’s Chuich. 

A crystal of phlogopite, from Wakefield, Quebec Prov- 
ince. 

One specimen of alluvial gold, from Tolima State, 
Colombia Republic, S. A. 5 one specimen of native g'old in 
quarts, from between Antioquia and Tolima States, Colombia 
Republic, S.A.j one specimen of alluvial gold from Kahajan 
River, about 400 miles from sei. South Borneo; and a 
specimen of galena, from the Celebes* 

Several fossils, trilohitos, etc. (upper Silurian), from the 
neighbourhood of the Baroghil Pass. 


R. D. Tipping, Pollibetta, 
Coorg. _ 

H. G. Parons,PolUbelta, Coorg, 

Col. A. H. Mayhew, Collector 
of Shikarpur, Sind. 

Lieut. H. E. C. Cowie, R*®** 
Asst. Engineer, Mari^Attock 
Railway, Langar division, 
Chab. 

W. Theobald. 


Prof. F. ID. Adams, McGill 
University, Montreal. 

Arthur FitsGibhon, Sibpur, 
Howrahk 


Lieut. 1 . H. Grant, 1 . S. C., aolh 
Puniab Infantry, Gairat, 
Chitral.*' 


Zzs/ of Assays and Examinations vzade^ in the Laboratory during 

the past year. 




For whom. 


Three specimens Col. D. G.Pitchcr, J. Sand found in a nullah near tht Ckamba 
from the Gwalior I.S.C., Direc- river. 

State, for deter- tor of Land Re- 

mination. cords, Gwalior 

State, Gwalior. Garnet sand, with a little rutile and magnetite. 

2. Specimens ^of natural glaeinsp, from a lime* 
kiln recently 'opened and supposed (0 be 
produced hy ihi fusion of quorie of r»hkh 
* thero is any quantity in the limestone.** 

The glaze on the specimens of sandstone is pro- 
bably due to the presence, in the local soils, of 
salts of sodium. 
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Qeelogical Survey of Indian 


List of Assays and Examinations made in the Laboratory during 
the past year — contd. 


Substance. 


For whom. 


Result. 


3. piece of granite which seems to contain 
some metallic substance from anoth^ place. 

The granite does not contain any metal. In cer- 
tain positions the light reflected from the cleavage 
surfaces of minute felspar crystals causes them 
to resemble specks of a metallic substance. 


Eight specimens 
from Cook ^ and 
Sons*^ Quarries at 
Katni, for determi- 
Aadon. 


F« H. Cook and 
Sons’ Lime 
works* Katni. 
E, I. R. 


i Limestone, with streaks of supposed gold^ 
depth 30 feet. 


LimestonCj with iron pyrites. 


2. Mineral found at a depth of 20 feet. 

Highly calcareous day. 

3. Mineral found at a depth of 20 feet. 
Calcareous clay with compact limestone bands. 

4 and 5. Earth from a depth of iO to 30 feet. 
Magnesian clay, coloured by iron compounds, 

6. Mineral found at a depth of tS feet. 

Indurated calcareous clay* 

7. Mineral found at a depth of from to to 20 

feet along with Nos, 2 and 3, 

Calcareous shale with bands of bituminous 
matter. 


8. Mineral found in a hillside of the Vindhvan 
range 2 miles from Kaini, aboue limestone. 


Carbonaceous shale. 


Four blocks of sand- 
stone* A and B 
from Taung-u* C 
from Kyauk-ta.and 
D, from Shwebo* 
to know if there is 
anything in their 
compmition subject 
to rapid decay by 
atmospheric influ- 
ences* Such as 
gypsum, sulphur* 
day, etc., which 
would render them 
unfit for building 
purposes. 


H. Groves, Stmer- 
intcnding En- 
gineer, N.-W. 
Circle, P. W, D, 
Burma. 


Practically free from those minerals which usual- 
ly are destructive to building stones, such as 
pyrites and gypsum. B, is quite free from 
gypsum, which a chemical test shows to be pre- 
sent in A, C, and D in very faint traces. 
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List of Assays and Examinations made in the Laboratory during 
the past year — contd. 



Substance. 


SDCcinien o£ “a Burn and Co., U., The substance in question white arsenic and is 
Very white Slone” Calcutta. very probably an artificial product »nd "ota 

to know the name mineral, li a natural product it would bo of 

^ the mineral. intere.st to knovi where and in what manner it 

occurs. 


Six specimens of 
Rocks from the 
Gaya district, for 
classification. 


Two specimens from D. Hooperi Offg'' 

Jeypore, to be Reporter on by carb 

named. Economic I^o- in the 

ducts to the epidote* 

Government of mercial 
India. 

Sends a boulder and Samuel Fitze and The stem 
wishes to know Co,» Calcutta. no value 
what it is. 

A specimen of elaeolite T. H. Holland, No. 


I. Kaolin, almost China clay. 

2 and 3. Amphibolites. 

4* Tourmaline. 

5. Tourmaline and iron ore grains constitute the 
black veins in the granite. 

6. Epidote forms the greenish part of the rock, 

which might be called an epidote-granite. 

The black powder seems to be an earth coloured 
by carbonaceous matter, while the sp^imens 
in the bag are of two kinds, actinolite and 
epidote. So far as 1 know they are of no com- 
mercial value. 

The stone in question is an amphibolite and is of 
no value commercially. 


syenite, containing 
biotite and gra- 
phite, from Salem 
district, Madras. 


A. R. C. S., F, 
G. S., Deputy 
Superintendent, 
Geological^ Sur- 
vey of India. 


SiOs • • • 

. . 55*68 

AI2O3 • • • 

. . 23*Si 

Fe203 • • • 

. . 5*0* 

OaO • • • 

. . r6g 

MgO • • 

• ■ *65 

N a^O • . ■ 

. V 9'23 

KjO • • • 

• . S*i6 

Graphite . • 

. ' . ‘58 

Loss on ignition 

. . -34 


102*15 


Specimens of blue Major-General de Crystals of corundum, m granite, of no value as 
crystals, from Bourbel, Simla, gems. 

Padar, Kashmir, 
to know what they 
really are. 


€ 


Geological Survey of India, 

Lut of Assays and Examinations made' in the Laboratory during 
the fast year— coni6. 


Snbstance. 


For whom. 


Three spcimers of T. H, Holla W a 0 ^ 

rocks belonying to Deputy buperin- * from Hill nearmagavine, 

the Pyroxinic teadint. (Feolo- 

Sanaa fli Mn<1rao c . <■ maaras. 


Series of Madras. gical Survey of 
India. 


SiOa 

• • 

• 75*54 

AlsOs . . 

• • 

• 13*75 

FejOj 

• • 

• 4*99 

FeO 

• 

• ••• 

CaO . . 

• • 

• '94 

MgO . . 

• • 

. ‘Sg 

KaO . , 

■ • 

• S'34 

NajO . , 

• • 

• rss 

Loss on ignition 

• • 

• *28 


Total 

. loroS 

Specific gravity 

• , 

. 2*672 


Nariie^ from east si 
Si, Thomas* Mount, 


SiO, .... 

• 53*57 

AlaOi .... 

• 13*92 

FeaOs • . , , 

• ... 

FeO . , . . 

• 15*71 

CaO ... . 

• 8'i3 

MffO . . . . 

• 3’41 

KjO . . . . 

• 70 

Na,0 . . . . 

• 5*31 

Loss on ignition . , 

■ *•* 

Total 

. 10075 

Specific gravity • . 

• S*02.t 




de of magaeint, 
Madra>s, 
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Geological Survey of India, 

List of Assays and Examinations made in the Laboratory during 
the past year — contd. 


Substance. 


For whom. 


Twenty Geological 
6p|K:imens from the 
neighbourhood of 
Kotah, to be 
named. 


Nine specimens of 
rocks from the 
Eri opura district, 
Sirohi State, Raj- 
putana, for gold 
and silver. I 


а. Iron pyriin.—{\nn disulphide, FeSj), of no 
v&luo* 

"^^nt **Kotah' ** Medicinal qualities imaginary. 

Rajputana. 2, 3, 4, 5, 7, 10,11,12 and 20. Chalcedony, prob- 
ably from geodes in Deccan trap; 

8 and 18, Calcite, 

б, I3» I4» i5» 16 and 17, jasper, 

I9« Carnelian, 

5^. (2 specimens), and iVairca, sp., pro- 
bably from Intertrappean beds. 

i^‘ P" *• quarlgose rock. 

Foice, Erinpura. Yielded on assay 3 dwts. 14’24 grs. of fine metal 
(gold and silver) ; the gold, on parting, was 
found to be a trace only. 

2. Schistose purple rock, fine grained. 
Quantity received 2tl oa. 

Contains no gold or silver. 

3« Hcsfnatite schist f fine graittedm Quantity 
received df oa* 

Contains no gold or silver. 

4 * Same as No. 2 , 

Contains no gold or silver. 

5. Frohably a slag. 

Yielded on ^y, i dwt. is'a grs. of fine metal 
(gold and silver), the gold being only a trace. 

6. Fissile thsn^bedded rock^ containing copper* 

Quantity received oa. 

Contains no gold or silver. 

7. Same as No* 6 . Quantity received /J oa. 
Contains no gold or silver. 

8. Siliceous handed rock. 

9. Amygdaloidal trap. 

Nos. 8 and 9 not assayed. 
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Lisi of Assays and Examinations made in the Laboratory during 
the past year— concld. 


Substance. 

For whom. 

Result. 

Specimen of a pebble 
found in some 
quantities at 
Mamve in the 
Kamaing township, 
Myitkyina district, 
for identification. 

The Secretary to 
to the Financial 
Commissioner, 
Burma, Ran- 

goon. 

Red corundum. 

A specimen found in 
the Government 
Forests in the 
Hazaribagh dis- 
trict. 

A. E. Wild, Con- 
servator of 

Forests, Bengal, 
Darjeeling. 

Arsenopyrite. 

Specimen of a rock 
from Assam sup- 
posed to contain 
tin. 

E. S. Wood. 
Bengal Coal Co., 
Calcutta. 

stained with oxide of iron; 
contains no tin. ' 

A specimen found in 
the Revvah State, 
to know what it is. 

F,^ C. Osier and 
Co,, Calcutta. 

Ordinary manufactured bottle glass. 

Sends 8 stones at the 
request of Raja of 
Mandasa in Gan- 
Jam, picked up on 
Mahendragiri 
mountain on his 
estate, 5,000 feet 
high, to know what 
they are. 

T. J. V. Minchin, 
A ska works, 

Ganjam, Madras. 

specimens are true sapphires of very 
good colour 1 the remaining 5 are garnets. 

*1 hree nodules picked 
up on the Murree 
hills in 1896. 

C. E. Pitman, 
C.I.E., Director 
General of Tele- 
graphs. 

Nodules of iron pyrites. 


2. Pal/eontological work. 


Miocene fossils of Burma. 

description of the miocene fauna of 
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firms the conclusions drawn from the study of the pelecypoda, in that the 
&una bears a general resemblance to the fauna living at present in the Indian 
Ocean rather than to that of the forms found in the miocene beds of either 
Australia or Europe, but it bears a close resemblance to the fauna contained 
in the miocene beds of Java. 


Dr.A.vom Krafft, 


Spiti Fossils. 

Immediately on his arrival at headquarters, Dr. A, von KrafiEt was 
charged with the study and determination of the rich 
collection of fossils which Mr. H. H. Hayden had 
obtained whilst carrying on surveys in Spiti during the summer of 1898. 
Dr, von Krafft has practically completed the examination of the fine suites 
of cephalopoda of the lowest trias and Muschelkalk, and has sent in pre- 
liminary notes on the same. A full account with the description of the new 
forms discovered will eventually be published in the Paloeontologia Indies. 

The fine collections of cephalopoda brought from Spiti by Mr. Hayden 

Notes on the triassic were derived from the Otoceras beds, Subiobustus 
cephalopoda of Spiti. Muschelkalk. They form a very import- 

ant contribution to our knowledge of the faunas of these horizons, especially 
the Muschelkalk fauna is most richly represented. 

The following notes by Dr. A. v. Krafft contain a preliminary account of 
these fossils:— 

The fossils collected in the Otoceras beds of Spiti comprise 34 species 
of ammonoidea, out of which 19 can be identified with species described in 
Prof. Diener's Memoirs. Eleven species arc new. 

The genera 'Nautilus, Nanniies, Fkmingites, Hiingaritcs and Pnonolohis, 
Otoceras beds, though formerly obtained in this horizon, do not 
Genera absent, appear in Mr. Hayden's collection. 

As regards the geological position of Danuhites cllipticus, which according 

Grolo^MposiiUno/ '*'^8 doubtful.i there seems no 

Danubifes ellipticus Jongcr any doubt that this species occurs in the 
ascertained, Otoceras bccls, sincc two specimens have been obtained 

5 miles S. of Ensa in the Otoceras beds together with Otoceras sp. 

Among the new species three species of Danuhites may be specially men- 
tioned, w/V., two species allied io Danuhites (^Gyronites 
Waagen) radians, Waagen, and one species related 
to Danuhites (^Gyronites Waagen) plicostts, Waagen, 

Several species occurring in the Otoceras beds are supposed by Prof. 
Diener to be related to forms of the lower ccratite limestone of the Salt Range 
(Diener, 1. c., p. iy6), and the same is found to be the case with Danuhites 
nova sp. aff. D. plicosus, Waagen. . 

As to the two species compared with Danuhites radians, their 

>l.c.,ptx86. 


New species. 
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Range specie appem^th ^ surprising fact, seeing that the Saif- 

novasp. aff. 5 s probably Meekoaras 

Bim.1.;.,. «'„?>« Subrob».t«, b«i. of a, 

oJ SpW I, the»ton,onewIat one°Sd*"'Ho'°'“'°k‘‘'?if*'"'" 

List of ae collooted tom as Olmra, beds :- 

Dammtes ellipHcus Diener (2)1, 
jj plf^nidorsaUis^'l^v^Xiti 

» nova sp. ex aff. T).,(^GyronUes Waagen) radians (6>. 

» nova sp. ex aff. D. radians, Waagen ( i). 

.. nova sp. ex aff. D. pUcosus, Waagen ( i ), 

» r nova sp. ind. (3). 

» ? nova sp. ind. (i), 

MedhcoUia DalailamcB, Diener (i), 

» sp. ind. (i). 

ProsphingiUs, sp. ind. (i). . 

Prop/ychiies Markhami, Ditnei (12), 

>» sp. ind. (3). 

Vishnuites Nalambha, Diener (i). 

Ophiceras Sakuntala, Diener (i 3). 

.. Hbeticum, Griesbach (5 ). 

>» demissum, 0pp. (6). 

»> Pharma, Diener (2). 

» Chamunda, Diener (i6). 

» platyspira, Diener (2). 

» cerpentinum, Diener (8) 

Otocsras. Woodwardi, Griesbach (9). 

» Clivei, Diener (2). 

»i nova sp. (i). 

»5 sp. (many fragments), 

KommUies cf. Vidarbha, Diener (1) 

Ringites Varaha, Diener (9). 

11 sp, aff, Varaha, Diener (i). 

Meekoceras Hodgsoni, Diener (3). 

» nova sp. aff. Hodgsoni (+), Diener (i). 
i> ooreale^ Diener fi), ^ 

I Number of specimens. 
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Meekoceras cf. horeale, Diener (i). 

„ sp. ind. afiE. plicatili, Waagen, Diener, 1 . c., PI. XV, 

p. 6 (i). 

,, nova sp. ex afE. Meekoceras rotundatum^ E, v. 
Mojs. ‘‘Arktische Triasfaunen”, PI. X, fig. 
16 (2). 

„ nova sp. ind. 

„ nova sp. ind. 

Lekanites (?) nova sp. ind. (5). 

Sulrohustus The collections derived from the subrobustus beds of 

various localities in Spiti comprise 34 species of Ammo noidea and 3 species 
of Nautiloidea. Out of these one PUuronautilus and 10 Amnonites are new ; 
the greater part of the remaining species can be identified more or less 
satisfactorily with species described by Professor Diener in his Memoir, Ser. 
XV, Vol. II, part I of the Palseontologia Indica. Of the 20 species de- 
scribed in that Memoir, 15 are present in Mr. Hayden*s collections, none of 
the genera being absent. 

The following is a list of the fossils collected : — 

Pleuronautilus^ nova sp. (2), 

JNaiitilus, sp. ind. ex aff. N. Palladii, E, v. Mojs. (i). 
Orihoceras sp. ind. (9). 

Danuhites nivalis ^ Diener (21), 

„ Furusha^ Diener (7). 

Kapila, Diener (2). 

,, aff. Kapila^ Diener (i). 

„ nova sp., group of the Damihiks Havialayantts, 
Diener 29). 

,9 ? nova sp. ind. (i). 

„ ? nova sp. ind. (i). 

IledcnstrLcmia Mojsisovicsi^ Diener (23). 

sp. ind. ex aff, Hcd, Mojusovicsiy Diener, 
I c„ PI. XXII, fig. 2. (i). 

„ nova sp. aff. Mo/sisovicsi, Diener (1), 

,, nova sp. ind. (i). 

Meekoceras, nova sp. ind. (i). 

„ sp. ind, (i). 

Propiychites cf. sp. ind. ex aff. P. ohUqiupUcalo, Waagen 
Diener, PI. XVII, fig. 3 (i). 

„ sp. ind. (i). 

Flcmingitcs sp, aff. Salya^ Diener (i). 

„ cf. Salya, Diener (i). 

it Rohilla, Diener (17). 

it aff. Rohillay Diener (i). 

B 
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FUmtngiies nova sp, ex aff. Flemingites Rohilla, Diener (a). 

»> sp. ind. ex aff. FI, irilohato, Waagen, Diener, PI, 

XVII, fig. 2 (ll). 

>» nova (?) sp, afl[. Flem, Flemingianas, Waagen (4), 
i» nova sp. ind. (i). 

»» nova sp, ind. (2). 

Aspidites superbus, Waagen (2), 

># . cf, superbus^ Waagen (1), 

(?) nova sp. (i), 

Kontnckites Y udishthira, Diener (i2). 

Lekaniies sp. aff. LekanUes undaius (?) Waagen (i) 

Nanniies Hindostanm, Diener (4). ^ 

‘he Tir. spinosi, E. v. Mojs. (a). 

Acrochordiceras ind. (i). 

Ceratites sp. ind. (2). 

Ceratites subrobustust E. v. Mois 

Genera hitherto un* Amnno- fla/x ^ t 

known from the Hima^ Among tfee genera of this collection four had not 

previously been found in this horizon, vizZ 

Acrochordtceras^ 

Prtonolobtis, and 
Tiroliies, 

from the^CrS 

and Oioceras beds. The spedmens wllected^bv‘'‘M “h Subrobmtus 

dally identical with Nannites J ®''®“ spe- 

impossible that the geological position of however, not 

dently ascertained.^ ‘his genus was hitherto not suflOi- 

The presence of is specially interesting as this genus had not only 

Occurrence of Tirolites. Obtained in the Himalayas, but its absence 

Mojsisovics and 

Indian and the Arctic i:n>^ ^ ^ peculiarity common to the 

Professor Diener in his Memoir on th. j r . . 

Correlation between Correlated thA c ^ i- lower trias 

thf^ r . ^“irobus/us beds of the Himalayas with 
and the csra- SandstOne of thA ron,v.^ ^ 

sandstones qf f/gg ® ^^lt"range, enumerating 

Salt-range. ^ ifl^ ®'‘h®l^ 

tionship between both fau^s considered the rela- 

fauna then known from the SuVob^^ kT « he regarded the 

therefore expected that further re beds as comparatively scanty. He 
«..= rafttaj """'■l •how thi, r.l.do.4 in « 
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However, this hope has scarcely been realised. There is indeed one 
form among the species collected by Mr. Hayden, which points to the corre- 
lation of the Subrobusius beds with the Ceratite sandstones, Flemingites 
nova (?) sp. aff. Flem, Flemingtanus^ Waagen, and the discovery of this form 
is no doubt a most important point. 

But on the other hand a great many species and even genera still remain 
absent, and seeing that out of 10 new species recently collected in the Subro- 
busius beds, only one resembles a Salt-range form, there seems little hope 
that many of the types of the Ceratite sandstones may be met with in the Sub* 
robmtus beds of the Himalayas. We therefore come to the conclusion that 
the relationship of the two faunas is not so extensive as has been expected. 

Muschelkalk , — ^The collections from the muschelkalk of Spiti comprise 
58 species of Ammonoidea and 7 species of Nautiloidea^ out of which 48 
Ammonoidea and 4 Nauiiloidea can be identified with species which had 
already been described by Professor Diener in Ser. XV, Vol. II, Part 2 of the 
Paloeontologia Indica, while 13 species are new. 

The following species are represented in the collection : — 

Dinarites (?) spec. ind. (i).^ 

Ceraiites sp. ind. cf. Cer» Wetsoni^ 0 pp. (i). 

„ Voitii 0pp. (i). 

„ cf. Voiti^ 0 pp. (!)• 

„ Ravana, Diener (4). 

„ nova sp. ex aff. Cer. Ravana^ Diener, 1 , c., PI, II, 
fig* 4 ( 5 )- 

„ nova sp. ex aff. Cer. Ravana, Diener, PI, II, fig. 6 (4) 

„ Hidimbat Diener (i). 

„ Airavata^ Diener (3). 

„ cf. Airavata^ Diener (2). 

„ Dungara^ Diener (i). 

„ Vyasa, Diener, PI. VI, fig. a, not fig, i (i), 

„ Thuillierh 0pp. (8, many fragments). 

„ Thuillieri varietas, PI. I, fig. 2 (3), 

, , Himalayanus, Blanf ord ( i ) . 

„ aff, trinodosus, E. v. Mojsisovics (i). 

„ aff. superbus E. v. Mojs. (i). 

„ aff. Abtchi, E. v. Mojs. (i). 

„ cf. Kamadcva, Diener Ci), 

„ horridu^, 0pp. (3). 

1 Number of specimens. 

3 Dr. E. V. Mojsisovics has twice erroneously mentioned this species as Ceraiites irunetts, 
0 pp. “ Cephalopoden Mcdit. Trias provinz.” Abh. d. K. K. Geol, R. A, in Wien, X, 1882, p 
42, and “ Arktische Trias faunen”, Mem. de Pacademic impdr. des sciences de St. Petcisburg, 
ser. VUI, T. XXXUl, No. 6, 1886, p. 2x. The same mistake reappears in Professor Dienei^a 
Memoirs, l.c., p. 26. 

B 2 
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Ceraliies nova sp ex aff. Cer. horidm, 0pp. (i). 

» nova sp, from the group of the Ceraiiles mhrohusii, 
E. V. Mojs. (i). 

.» nova sp. (Diener, I. c., PI, VI, fig, i, not fig 2) (11), 
u nova sp. ind. (2). 
nova sp. ind. (i). 

Japonites nova sp. ind. (2). 

99 ? Drttar&shiraf Diener, sp. (i), 

Trachyceras aff. lon^olardicurriy E. v. Mojs. (i). 

n sp. ind. group of the Trachycerata margartiosu^ 
E. V. Mojs. (i). 

,, nova sp. ind. ex aff. Trachyceras Reidi, E. v. 
Mojs. (i). . 

Acrochordiceras Darned^ Noetling (16). 

Iscalites Hauertnus, Stol. (14). 

Proareesfes nova. sp. ind. ex aff. Proarcesfes BramarriH, E, v.- 
Mojs. (i). 

Joannites aff. diffisms, v. Hauer (i or 2), 

Meekoeerae Khanikofi, 0pp. (16, several fragments). 

« cf. proximum^ 0pp. (i). 

Gymniies Jollyanus% 0pp. (26), 
j» Kirata^ Diener (4), 

»» Vasan/asena, Diener (4). 

ti JLamarii, Opp, (5), 

99 ^ nova sp. ind. (see p. ) (i). 

Ruddhaites Rama, Diener (17), 

Sturia Sansovtmi, E. v. Mojs. (3). 

Piychites rugifer, Opp. (24). 

9, Tiheianus, E, v. Mojs. (i). 

• 9> Man gal a, Diener (2). 

>9 Sukr<x, Diener (3). 

» cognatus, Opp. (2;, 

,9 asura, Diener (2). 

>9 govinda, Diener (i). 

99 tmpletust Diener (7). 

99 Sahadeva, Diener (i). 

99 Sumitra^ Diener (i), 

rf. Sumilra, Dien^ (4 ,4.4,^ ftagment.). 

Gerardt, Blanford (3). 

EveresH^ Opp. (3), 

Vidura, Diener (n;. 


■» 
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P/ycMtes Drona^ Diener (2). 

„ cockleatus^ 0pp. {2). 

„ cochleaiuSi 0pp. varietas (5), 

„ Mahendra^ Diener (2). 

Nautilus cf. Griesbachi, Diener (2). 

„ spitiensisy Stol. f3). 

„ nova spec., ind. (6). 

Pleuronauiilus nova sp. ind. aff. p. Esinensis, E. v. Mojs* (2). 

„ nova sp. ind. (i). 

Orthoceras cf. Campanile, E. v. Mojs. (fragments). 


„ sp. ind. ex aff. 0 , Campanile, E. v. Mojs. (frag- 
ments). 

Of the genera previously mentioned as represented in the main mass of 
the Himalayan muschelkalk, only two are absent 
from Mr. Hayden's collections, viz . : — 

Novum genus ex fam. Arcestidarum, and 
Lobitds, 


Genera absent. 


the presence of the latter genus being considered by Professor Diener as 
doubtful. 

Professor Diener described one species of the genus Danuhiks, viz,, Danu- 
bites Driiarashtra, This species is probably present in Mr. Hayden's collection, 
but as I rather believe it to belong to the genus Japonites, I have placed it 
in the foregoing list among the species of that genus. This question will be 
found more fully discussed below (p. 20). 

While only one or two of the genera known from this horizon can be 
Genera not known S'lid to be absent from the collection, four rrenera 

muschelkalk of the Hima- appear which had as yet not been noticed in the 

Himalayan muschelkalk, viz, : — 

Dinarites (?), 

Trachyceras, 

Joannites (?), and 
PleitronauHlus, 


The presence of the genus Dinarites is uncertain as there is only a frag- 
ment of a body chamber in the collection, which, although recalling certain 
Dinarites of the group of the D, circumplicati, does not permit of an accurate 
generic determination. 

Specimens of the genera Trachyceras and Joannites had previous’y been 
discovered by Professor Diener in a crinoid limestone in the Shal-Shal cliff 
section, which follows immediately above the top-most Ptychites beds of the 
muschelkalk, and E. v. Mojsisovics considers these specimens to be “very 
nearly allied to, if not identical with, Alpine forms from the zone of the 
Trachyceras Aonoides**^ 


1 Diener, l.c., p. 99. 
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The specimens of Joanniies collected by Mr. Hayden bear the greatest 
resemblance to Joanniies diJUssus, v. Hauer, which species occurs in the 
Camic stage of the Alpine trias. Thus it is quite conceivable that the 
foamiites recently collected in Spiti might also have been derived from beds 
overlying the' muschelkalk. 

As regards the genus Trachyceras^ several species occur in the collection. 
One of them is apparently closely related to Trachyceras Aonoides v. Mojs., 
and accordingly what has been said above on the possible origin of Joanniies 
aff. difflssus v. Hauer applies to this species of Trachyceras also. 

But another species of Trachyceras is allied to Trachyceras longohar^ 
dicum V. Mojs. and a third one to Trachyceras ReitizU v. Mojs., both occur- 
ring in the ladinic stage of Europe. Seeing that this stage has' never been 
traced in the Himalayan trias as a distinct horizon between the main mass oi 
the muschelkalk and the crinoid limestone with fossils of the upper Carnic 
stage, the two species of Trachyceras under consideration cannot but have 
been derived from the main mass of the muschelkalk. 

Accordingly the occurrence of the genus Trachyceras in the Indian 
muschelkalk is beyond doubt, although this genus had previously only been 
met with in higher stages of the triassic system. 

In summing up what has been said above, we may so far consider the 
presence of the genera Joanniies and Dinarites as doubtful, while Pleuronau- 
tilus and Trachyceras undoubtedly occur in the muschelkalk of Spiti. 

Seeing that Professor Diener expresses doubt as to the occurrence of 
Isculites among the genera represented in the Indian 
a&ce^alned, ^ muschelkalk, it is an interesting fact that no less than 

14 specimens of Iscaliies Hauerinus were collected 
by Mr. Hayden from this horizon in Spiti. 

A number of species bear a close relationship to European types. Among 

Swedes nearly allied Cerahies aff. superhus is represented by one 

io, or identical with, well-preserved Specimen, which exhibits exactly the 
uropean forms. characteristic sculpture as fig. 5, PI. XKXIII, 

of Mojsisovics « Cephalopoden der medit. Trias Provinz,” and differs from 
the same figure but slightly in shape. 

Three specimens of Ceratites must be looked upon as intermediate forms 
between Cer. Thulleri, 0 pp., and its nearest ally, Ccra/iies trinodosns E. v. 
Mojs. In all three the involution takes place inside the spiral line of lateral 
tubercles.^ 

The sculpture of one of these specimens is similar to that of Ccraiiies 
Thuillieri, 0pp. A second specimen recalls Cer. trinodosns in so far as along 
about one-third of the last whorl four lateral tubercles correspond to nine 
siphonal tubercles. The third specimen differs from the genuine Cera Hies 
trinodosns by incised saddles only. 

» E.y,Mojsi 90 »ic. “Ceph. d. Med. Trias Pro«nz.'> Abhandlungen d. Geol. R.A., Vienna. 
You A, p, 30. 
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Ceratites afE. AHchi, v. Mojs., the only representative of the group of the 
Cerafifes binoiosi as yet known from the muschelkalk of the Himalayas, 
Trachyceras aff. longobarduum, E v. Mojs., Proarcestes, nova sp. ind. ex aff. 
Proarcesies Bramantei, E. v. Mojs, Joannites aff. Joamties ^ diffissus v. 
Hauer and PUuronautilm nova sp. ind. aff. PleuronauHlus Esinenm, E. v. 
Mojs., are equally remarkable as being species having more or less close 

affinity to European forms. , r, i a 

JoanniUs diffissus had been formerly mentioned by Salter' and Stohczka 
as occurring in the triassic deposits of the Himalayas, but the determinations 
of the respective ammonites were subsequently shown to have been incorrecU 
Yet the occurrence of a JoanmtesvtTj closely related to loaam/es diffissus in 
the muschelkalk* of Spiti is for all that a matter of fact. One specimen in 
the collection exhibits perfectly the characters of the species in question, and 
were it not for its somewhat more compressed shape, it would be impossible 
to distinguish the Himalayan from the European specimen. On the last 
whorl, which is chambered through half its lenj^h, two flat contractions are 
seen. The sutures are arranged in an arch-like line, formed by more than 
six saddles. The umbilicus being damaged, the full number of saddles cannot 
be made out, six only being traceable; but it probably amounts to seven or 
eight. Saddles bipartite, lobes divided at their base by prominent tubercles. 
Siphonal tubercle not traceable. 

Acrochordiceras Daimsi, Ncetling, not hitherto recorded from the Indian 
muschelkalk, is represented in the collection by i6 specimens. These vary 
greatly in shape and sculpture of the shell, and I believe Acrochordiceras 
Balarama, Diencr, to be an extraordinarily stout variety of Acrochordiceras 

Leavin'' out those spicies which are probably only varieties of forms 
already known, we may consider is or 13 species of 
iVtfw species, ammonoulea as new, vie. 


5 Ceratites^ 

I or 2 JaponiteSf 
I Trachyceras, 

1 Proarccsics, 

I Gymnites, 

1 Nautiliis, and 

2 Plcuronatilus, 


As I hone to be able to describe and figure these species later on, I con- 
tent myself in the present preliminary account with mentioning such facts as 
have a bearing on the descriptions given by Professor Diener, 1. c. 

1 Palaeontology of Nitif p. 64, PI. VII fig. 3. 
a Mem. Geol. Survey of Imlia, Vol. V, Pt. I, p. S3. PI- V, fig- 4- 
8 E. V. Mojsisovics, I c., p. ; Oicner, l.c., p. 8.J.. 

4 Or possibly in beds belonging to the upper Caruic stage (see abovC;. 
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The tTVO specimens figured on PI. VI in Professor Diener's Memoir as 
Ceraiifes Vyasa are, I believe, two different species. Professor Diener’s de- 
scription of the inner whorls of Cer. Vyasa ( 1 . c., PI. VI., 19 and 20) being ap- 
parently chiefly based on observations on the specimen represented in fig. 2, PL 
VI, I propose to confine the name Cer alike Vyasa, to the latter. 

PL VI, fig. I, is a different species with inner whorls which in transverse 
section and sculpture are quite unlike those of the Cer. Vyasa s.s. In early 
stages of growth the whorls qf the present species recall Ceratites nova sp. 
ex aff.’C^r. suhrobustus^ E.v, Mojs., Diener, l.c., PI. V, fig. 6, although flatter 
sides, a well-marked umbilical margin and the absence of a keel are consider- 
able points of difference. The characters which give the species a resemblance 
to C, suhrohushts gradually disappear and pass into a sculpture consisting of 
single ribs, increasing in bulk on the chambered portion of the shell and 
decreasing on the body- chamber. The latter is supposed to be smooth near 
the aperture. 

As has been mentioned above, Danubties Dritarashtra^ Diener, with all pro- 
bability belongs to the genus Japonites. This statement appears to be 
justified by the following facts. 

One of the species of Japonties in the collection consists of very slowly 
increasing whorls, only slightly overlapping each other, the sides are covered 
with strong radial ribs which die out near the siphonal edge, where some of 
them are found to bifurcate. The septa are very distant from each other, 
the saddles unusually broad, the first auxiliary lobe coincides with the umbi- 
lical margin. For the rest the sutures are similar to those of other species 
of Japoniks^ especially in the shortness of the second lateral lobe. 

I believe this species of Japomtes to be identical with the specimen de- 
scribed by Professor Diener as Danubiks Dritarashtra for the following rea- 
sons : both specimens have the same shape, the same involution, and the same 
sculpture. As to the latter I may mention that bifurcating ribs can be seen on 
Professor Diener’s type-specimen. Moreover, in both specimens the septa are 
unusually distant and the sutures similar to one an other, in so far as the 
second lateral lobe is much shorter than the first and the auxiliary lobe 
coincides with the umbilical margin. 

There are but two differences noticeable. Diener’s type-specimen shows 
unincised saddles, while in the Japoniks under consideration the saddles arc 
incised. Besides this, the auxiliary lobe is shorter in Diener’s type-specimen 
than in the latter. 

Unfortunately I did not succeed in developing the sutures of the inner 
whorls of this Japoniks and thus further researches as to the correctness of 
my supposition were impossible. For this reason I abstain from changing 
the present nomenclature, hoping that further researches will reveal more spe- 
cimens from which it will be possible to decide the question. 
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Professor Dieaer on pages 95 and 96 of his Memoir, when comparing the 
Differences between the the nxiischelkalk of the Spiti and the Niti 

enumerates 24 more important ammonites 
which were then only known from Niti. Out of these 
TO have recently been collected in Spiti, and the number of forms peculiar to 
the Niti area is therefore restricted to 14, m%. .* — 


Ccratiles Visvakarma^ Diener (i)*. 

,, sp. ind ex aff. Cer. Middmdorfi (i). 
„ nova sp. ind. ex aff. C. Geminato (ij. 
„ Arjuna^ Diener (2). 

„ nova sp. ind. ex afif. C. Wetsoni (i). 
JaponUes Sttgnva, Diener (i). 

„ Chandra, Diener (i). 

Meckoceras Kesava, Diener (i). 

,, Gangadheoa, Diener (2). 

„ affine v. Mojs. (2). 

„ Rudra^ Diener (i)‘ 

„ Aalikanla, Diener (3). 

„ Nandcy Diener (i). 

,y Snka?i/a, Diener (3). 


Seeing the small number of individuals of each species found, the absence 
of these 14 species in the collections as yet made in Spiti is scarcely of any 
importance, as these fossils are evidently rare in Niti also. ^ 

Professor Diener also compares the trias of the Himalayas to the Alpine 

Prnhahie rphrespnhition emphasizes the fact that nowhere in the 

Himalayas have deposits of ladinic or lower carnic aire 
layas. .ikiUo/the Him»- jjggjj muschclkalk and the Dao- 

. ^ , , , . , therefore suggestsS that either there 

IS no palaeontological ropresentitive of the ladinic stage, or that the mus- 
chelkalkin the i.iraala^as may contain also some ladinic elements. The 

author comes to the conclusion that there is little to support the latter suddo- 
sition. 

Mr the above I may state that there are a few species in 

Mr. Hayden s collection which I cannot but correlate with certain types pecu- 
liar to the ladinic stage of Europe, viz. 

Trachyceras sp. aff. longohardicnm, E. v. Mojs. 

nova sp. aft. Trachyceras Rdhi, E. v. Mojs. 
Pleuronattiilus nova sp. ind.atf. P. Psinensis, E. v. Mojs. 

It IS true that the number of ladinic types is so far very small,. but their 


* Number of specimens collected. 
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importance seems to be all the greater. On the strength of the occurence of 
these species in the muschelkalk of Spiti, I feel much inclined to look upon 
the Indian muscheikalk as including the ladinic stage. This supposition, 
however, needs further corroboration, and such will certainly be available if the 
Indian muschelkalk has actually a greater stratigraphical range than has 
hitherto been assumed. 


PALiEONTOLOGICAL WoRK DONE IN EuROPE. 

At the present moment there are large collections of fossils belonging to 
this Department still in the hands of scientists in 
Europe, who are describing the same for publication 
in the Palaeontologia Indica. The following is a list 
of the scientists who have kindly undertaken to do this work for India, 
and the fossils under description 

In England — 

Dr, J. W. Gregory, ) , . . r . i_ 

■ British Museum. / 

Dr, F, L. Kitchin, 

Geological Survey of > Ditto. 

England and Wales.)- 

Mr. Philip Lake, m.a., I Silurian and Devonian fossils of the Hima- 
ot. John's Coll., Camb. J layas. 

In Austria-^ 

Prof. W. Waagkn, I r. i- .1 

University of Vienna. J Salt-range fossils. 

Prof. Uhlig, D, Ph., 7 , • c -i r tt. , 

University of Prague, j J^assic fossils of the Himalayas, 

Dr. F. Kossmat, J 

K. K. Geologische > Cretaceous fossils of Assam. 

Reichsanstalt. ) 


In conclusion, I wish to draw attention to the generous and 
„ ^ „ unwearied help and advice which has been ffiven to 

US for so many years by Professor Eduard Suess, the 
learned President of the Imperial Academy of Science of Austria. Without 
any other reward than the knowledge of having advanced the cause of 
science, he has befriended the Geological Survey of India, receiving our col- 
lections, placing them into the most competent hands for description, and 
keeping a conscientious account of the necessary expenditure incurred for 
publication and all that is connected with the work required’to be done in 


Europe, for all of which the Department owes a debt of deep gratitude to Pro- 
fessor Suess. 
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3. Special work ; Officers on dutv in Europe. 

Mr. Oldham was placed on duty in Europe for 14 days, in extension of 

Barihquahe inquiry ■. for the purpose of consulting certain 

Uemoirs, Voi.xxix. in books on earthquakes which were not accessible in 
India. The time was spent in the libraries of the 
Geological Society and of the British Museum, and the results have been in- 
corporated in the report on the earthquake of 1897 which is now in a forward 
state, 200 pages or about one haif having already been passed to press. The 
investigation of this earthquake has yielded important scientific resulu ; fresh 
light has been thrown on the mechanism of the production of earth fissures 
and landslips, and of the rotation of pillars, a subject which has been pro- 
ductive of much speculation and of many theories. The measurements of the 
numerous objects caused to revolve more or less on their axis by this earth-, 
quake has shown that the phenomenon must be due to a form of movement 
of the ground to which the term vorticose is not inapplicable, though it must 
be understood in a different sense to that which it conveyed to those authors 
who have contended that vorticose motion in an earthquake is a physical 
impossibility. 

The discussion of the European records of this earthquake have led to an 
Important suggestion regarding the manner of propagation of the earthquake 
motion. Three phases in the records are recognised ; of these the first two 
are due to condensational and distortional waves transmitted through the 
earth, and frojn the so called preliminary tremors ; the great undulations, on 
the other hand, are surface waves transmitted round the surface of the earth, 
and the rate of propagation as measured between the place of origin and 
Europe is the same as the observed rate of travel of the earthquake shock 
in India. 

Whilst in Europe on privilege leave during last year, Mr. Holland took 
the opportunity of examining the collection of rocks 
now preserved in the Musbum d’Histoire Naturelle 
of Paris and obtained by Leschenault de la Tour from 
the Madras Presidency early in the century. These rocks had previously been 
described by Professor Lacroix in 1891, and fre publication of his elaborate 
mernoir demonstrated the existence in South India of many remarkable types 
previously unknown to us. In our subsequent attempts to identify the rocks 
described by Lacroix a difficulty arose through their having been represented 
to be generally derived from » the neighbourhood of Salem,” for many of the 
tyi^s strikingly agreed with forms which have recently been obtained in other 
and distant parts of the Salem district as well as in the adjoining district of 
Coimbatore. To settle this point definitely, Mr. Holland made a careful ex- 
amination of the Leschenault collection, and reports that we can now with fair 
certainty identify all the types described by Professor Lacroix. 

Many of the old labels attached to the specimens in Paris being found to 


Madras Petroloav : 
Mr. T. H, Holland. 



24 


Geological Survey oj India, 


bear the names of villages near which some of our rocks have been obtained, 
became the kej sometimes to very interesting information. Specimens of 
corundum in its anorthite matrix, for instance, labelled “une lieue et demie 
environ du village de Tsholasiramani,” agreed precisely with the material 
employed by Count de Bournon for his classical memoir on corundum and 
indianite (anorthite), and with the material obtained by Messrs. Warth and 
Middlemiss from Sithampundi, near Solasiramani (ii° 14'; 77“ 56') in the 
Salem district. It is interesting to have established beyond reasonable doubt 
the original home of corundum, which was so. named on account of its Indian 
origin and whose natural history is, on account of the large number of occur- 
rences recently discovered in situ, now creating considerable interest amongst 
mineralogists. “ 


Amongst other specimens in the Leschenault collection, those showing 
the aqua-marine in its matrix are interesting because of their agreement with 
the pegmatites obtained in and near the reputed beryl mine of Padyur 
(Pattalai) in the Coimbatore district. Leschenault’s specimens are labelled 
“ Pataly,” and in the account of his travels he describes the mining operation 
then being carried on by Mr. Heath (1818). There is therefore no reason 
now for doubting the accuracy of the local traditions about the mine from 
which Heath is reported to have obtained fine gem stones. Additional 
interest is attached to these circumstances by the discovery of ckrysoberyl 
in the corundum-bearing pegmatites of the same neighbourhood, and Mr 
Holland suggests that the pit, which was abandoned when Heath left the 
service of the East India Company, be carefully examined in the light of our 
more precise knowledge concerning the mode of occurrence of the aqua- 
manne. ^ 

To his memoir on the geology of « the neighbourhood of Salem review- 
ed m my last annud report, Mr, Holland has now appended a translation of 
Leschenault de la Tours geological observations, with a series of explana- 
tory notes summarising to date their relation to subsequent and recent inves- 


• ^ of Professors Fouque and Lacroix 

in giving Mr. Holland full facilities for examining the Leschenault collection 
in Paris, Professor Lacroix having also generously permitted him to make a 

microscopic examination of the sections employed in the preparation of bis 

now well-known memoir. 


4- PUBLICATIONS. 

The following publications were issued during the past twelve months 
Ma^aloftkeGeclogy Part I, CORUNDOM. by T. H. HOLLAND, haS 

. General Keport. since the publication of last year’s 


. » Will bt published in Mem. Vol. XXX. 
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Memoirs. Volume XXVIII, Part i, liras published during this 

financial year, containing the following papers 

I- Notes on the Geological Structure of the Chitichun Region, by Dr. 

Carl Diener. 

2. A Note on the Allahband in the North-West of the Runn of Kuchh, 

by R D. Oldham (1 plate). 

3. Geology of parts of the Myingyan, Magwe and Pakokku districts, 

Burma, by G. E. Grimes (with 2 plates). 

4. The Geology of the Mikir Hills, in Assam, by F. H. Smith (with 

1 plate). 

5. On the Geology of Tirah and the Baz^r Valley, by H, H. Hayden (with 

2 plates). 

Title page, contents and appendix to the Palseontologia Indies, Series 

Pal^onichgia Mica. Himalayan Fossils, was issued during 

the summer of 1898. 

Mr. Grundy, the Inspector of Mines in India, sent in the following 

Ref’orts of the Inspector reports, which were published during the year 
0/ Mines. 

1. Annual Report for the year ending sist December 1897. 

2. Report on the Inspection of the Salt Mines, etc. 

3. Report of the Inspection of the Khost and Sh^hrig Coal Mines, Balu- 

chistan, 

Library* — ^The additions to the library during the year 1898-99 amount 
to 1,810 volumes and partsof volumes, of which 1,112 were acquired by 
presentatiDn and 698 by purchase. 

Personnel : Curator, — Mr. H. H. Hayden was Curator of the Geological 
Museum andLaboratory from ist to 26th April 1898, Dr. T. L. Walker was 
Curator of the Geological Museum and Laboratory from 27th April to 31st 
Cctobor 1898. Mr. €• S. Middlemiss was Curator of the Geological Museum 
and Laboratory from ist November 1898 to 31st March 1899. 

Deaths. — Mr. G. E. Grimes died at Thayetmyo in Burma on the i ith 
April 1898. 

Appointment. — ^Dr. A. Krafft von Delmensingcn was appointed by 
Her Majesty's Secretary of State for India to be an Assistant Superintendent 
of the Department, and joined on the 13th January 1899. 

Officers on leave. — Mr. C. S. Middlemiss was on privilege leave from ist 
April to 15th June 1898. 

Mr. R. D. Oldham was on privilege leave from the i6lh Julyto 28th 
October 1898 (including 14 days on duty in England). 

Mr. T. H. Holland was on privilege leave from the 28th July to 27th 
October 1898 (including 7 days on special duly in Paris). 
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Sab-Assistant Hira Lai was on furlough from ist April 1898 to 31st 
March 1899, in continuation of the two years’ furlough granted him from 
the 6th September 1897. 

Only one new appointment to the Department, that of Dr. A. von Krafft, 
SalecHonitfeancU dates i was made during the past year. The selection was 
F.R.^* a’tthe request of the Secretary of State for India 

by Dr. W. T. Blanford, F.R,S., late of the Geological 
Survey of India. I take this opportunity of saying that much of the good 
work which has been done of late by the Department is in part owing to the 
conscieixtious selection of men for the Department by Dr, Blanford. The task 
of selection must always be attended by risk and difficulty, but Dr. Blanford 
has ever most loyally worked in the interest of his old department and 
shirked no pains to obtain the best men procurable, which task has become 
year by year more difficult, owing to the small pay and smaller chances of 
promotion offered. 


Part II.— FIELD PARTIES. 

OistrUutionofOficsrs , the year ending 3 1 st March 1 899 the Officers 

of the Department were distributed as follows 
SUPERINTENDBNTS. 

Mr. R. D* Oldham . . Head-quarters and 3 months' privilege leave 

daring recess ; Rewa during the cold 
season. 

,t T, H. D, LaTouche • , Head-quarters during the recess ; Western 

^ ^ Rajputana during cold season. 

9, C, S. Middlemiss . , Head-quarters ; in charge of Museum and 

Laboratory from ist November 189^ ; 
deputed to Naini Tal in September 189S 
to examine the landslip of the 17th 
August last. 

Deputy Superintendents, 

, Head-quarters during recess ; Central Prov- 
inces during cold weather, 

. Bangalore during recess; and 3 months' 
privilege leave ; In charge of Mica party 
during cold season. 

» Head-quarters, 

• Head-quarters during recess; Central Prov- 
inces during cold weather. 

Assistant Superintendents. 

Mr. H. H. Hayden , , Spiti during hot weather and rains ; with 

Mica party during cold weather. 


Mr. P. N. Bose 
„ T.H, Holland 

„ P. N. Datta 
I, F. H. Smith . 



General Report Jor 7<Sp<J-pp. 27 

Mr. E. Vredenburg • . . Head-quarters during recess ; with Seistan 

Mission since November 1898. 

Dr. T. L. Walker • , . Head-quarters during recess in charge of 

Museum and Laboratory till gist October 
1 898 ; with Mica party during cold weather. 
» , A. von Krafft , • .At head-quarters since date of joining. 

Faueontolooist. 

Dr. Fritz Noetling « • In Baluchistan and Salt Range from May 

189810 December 1899. Since then 
head-quarters. 

Sub- Assistants. 

Lala Kishen Singh • • Head-quarters during recess ; with Mica 

party during cold weather. 

Division of work . — Geological surveys must necessarily have a close 
bearing to inquiries of an economic nature ; that is to say, the results obtained 
by geologists during what might appear to be a purely scientific quest, have 
often a direct relation to economic developments. Indeed, so-called economic 
geology can never be entirely separated from the purely scientific side of the 
survey, and, properly speaking, the entire range covered by geological 
research is of a scientific nature. 

Nevertheless, I have endeavoured to divide the work of the Department 
as much as possible, and whilst the majority of the officers were engaged in 
geological mapping, one party, consisting of three oOicers and a sub- 
assistant, was kept entirely for an economic enquiry, the mineral mica 
having been selected for special study, the results to be embodied in the 
next ‘‘part” of the ‘‘Manual,^' which, it is expected, will be issued 
during the next year, 

A. Economic Inquiries. 

1. Mica. 

A large number of notes on the occurrence of mica in the crystal- 
line and schistose rocks of India had already been collected by Mr. 
T. H. Holland and others during previous surveys, and it was thought 
that a well equipped party of three Officers of the Department could so far 
complete the study of the mineral during ' one field-season as to make it 
possible to compile a hand-book on -our present state of knowledge of 
mica. To visit absolutely every locality in India where the mineral occurs, 
would have required years of work, and the results obtained would pro- 
bably have been quite out of all proportion small in comparison with the 
expended labour. 

It was decided that it would suffice to study the mineral in the tracts 
where it occurred most abundantly and where the greatest facilities for its 
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stiid7 were obtainable, which of course are to be found where the mineral 
is already being won in pits and mines. 

The control of the work was placed in the hands of Mr. T. H. Holland, 
with whom* were Mr. H, H. Hayden and Dr. T. L. 
Personnel of ihe Mica Walker as assistants; Sub-Assistant Lala Kisheii 
Singh was also attached to the party and proved very 
useful. Dr. T. L. Walker was posted to the Nello re district, whilst Messrs. 
Holland and Hayden with the Sub- Assistant worked in the Hazaribagh and 
Gya districts of Bengal. Mr. Holland had started the inquiry in Nellore^ 
before visiting the Bengal localities. Mr. Holland has drawn my attention to 
the excellent work done by Messrs. Hayden, Walker and Lala Kishen 
Singh. He has sent in the following preliminary report on last season’s 
operations : — 

Bengal Area. 

The mica-producing belt, some 12 miles in width, stretches for about 60 
miles in an east-north- east — west-south-west direction 
DhMluUonofthecchist obliquely across the junctions of the three districts 
Gaya, Hazaribagh and Monghyr. The belt roughly 
coincides with the broken ground forming the northern fringe of the 
Hazaribagh plateau, where the rivers, flowing from the high and uniform 
mass of old gneiss, cut deep gorges into the heterogeneous and irregular 
formations of soft schist and hard gneissose granite. 

Excluding the recent superficial deposits, the rocks e'xposed within this 
area include (in probable order of age) the following groups : — 

6. Talchir sediments. 

5. Diabase dykes. 

4. Mica-bearing pegmatites. 

3. Hornblendic gneissose granite, the so-called “dome 
gneiss.” 

2. Schist group. 

1. Older gneiss group. 

A portion of the belt had been previously mapped in detail and briefly 
Classification of the described by Mr. F. R. Mallet, v^ho, following the 
gneissss and schists. general view then prevalent (1873) as to the approxr 
mately proportional correspondence between age and degree of raetamor- 
phism, included the gneis.sose granite (group 3) with the old gneisses (group 
i), which differ from the upper and presumably younger schists (group 2) in 
the possession generally of more felspar and in their more perfect approach 
mineral ogically to unequivocal igneous types. The subdivision of the 
crystallines into two main groups, one more perfectly gneissose and the other 
in general schistose, has been recognised in this as in most Archsean areas, 
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Far want of positive evidence to the contrary, and out of courtesy to the old 
metamorphic ” theory, the former are regarded as older and lower than the 
schists. With this general arrangement there are no present grounds for 
disagreement ; but we have recently recognised formations mineralogicallf 
granitoid and homogeneous, though structurally quite gneissose, whose 
relations to the ** younger ** schists are those of intrusive rocks, but whose 
structures and contact phenomena have been modified by subsequent dyna^- 
mical metamorphism. Such formations have lately been recognised in the 
three areas — Coorg, Nellore and Behar — where the younger schists are- 
exposed, and the presence of such a gneissose granite in all three areas helps 
to complete a parallel in other ways sufficiently striking. 

The observations recently made in the Behar area confirm Mr. Mallet's con- 
,,, elusion as to the complete absence of unconformable 
gneiss." junctions between the schists and gneisses. The 

gneissose granite (“ dome gneiss ")crops out, however, 
at many different horizons amongst the schists, where faulting is not evident, 
and behaves generally like a rock of exotic origin. Nearly every eseposure of 
this striking rock is surrounded by a zone oE variable width, co imposed of 
peculiar hornblendic and garnetiferous granulitic rocks, which present char- 
acters suggestive of an origin through Contact reaction between the intrusive* 
rock and the schists. The persistent way in which these zones envelope every 
outcrop of the dome gneiss 'Ms strikingly shown in the area mapped by 
Mr. Mallet, who, without the aid of the simpler theory more recently adopted*, 
and contrary to what might be expected from the views then prevail* ng,. 
recorded his observations with a precision and faithfulness difficult to over- 
praise. *1 

The SMsX group includes metamorphosed conglomerates, quartzites, 
crystalline limestones with wollaslonite, chondrodilc 
grou^ ^ ®*”^ tourmaline, banded garnetiferous and hornblendic 

granulitic rocks with epidote and allanite, serpent- 
ines, epidiorites, altered basic ash and a thick development of mica schists 
with accessories like talc, andalusite (chiastolite) , sillimanite, kyanite, stauro- 
lite and the ubiquitous almandine garnet. The whole group is thus very 
composite in character and includes metamorphosed products of both igneous 
and sedimentary types, with a trend of foliation parallel to the strike of the 
constituent beds. 

In several places, noticeably east and north-east of the Jha-Jha railway 
station, there occur abrupt ridges of a siliceous breccia. 

dispositioa of these along lines of probable 
faulting, and the manner in which they are sometimes 
imitated by mylonised bands formed along unmistakeable dislocation lines, 
suggests a fault-rock origin, although for thickness and uniformity of 
composition it is difficult to find a parallel for them amongst known 

C 
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dislocation-phenomena. The mylonite produced along some fault planes 
presents a very close imitation of the so-called trap-shotten ” bands of 
South India, which Mr. Holland, as stated in my last report, also referred to 
dislocation-phenomena. 

The pegmatites now so largely worked for mica have been intruded into 
the schist group in the form of sheets and lenses 
parallel to the foliation, and, less often, as dykes cut- 
ting the schist folia obliquely. The origin and rela- 
tionships of these pegmatites will be discussed in the full report. Their 
chief constant constituents are muscovite, felspar and quartz, locally varying 
in relative proportions, in size and in the abundance of included accessory 
minerals. The following is a list of the minerals, some new to India, which 
have been recognised in these pegmatites • 


Albite. 

Lepidolile. 

Amazon stone. 

Leucopyrite. 

Apatite. 

Magnetite. 

Automolite. 

Moon-stone. 

Beryl. 

Muscovite. 

Biotite. 

Orthoclase. 

Cassiterite. 

Quartz, pink and white. 

Columbite. 

Tourmaline, red, blue, green and 

E];ndote. 

black. 

Fluor-spar. 

Torbernite. 

Garnet. 

Triplite. 


Uranium ochre. 

Some of the accessories are suflSciently abundant for economic attention : 
eucopyrite (arsenide of iron) was found in lumps sometimes weighing 20 
pounds y triplite (phosphate and fluoride of iron and manganese) forms thick 
masses, whilst apatite occurred so abundantly in one of the mica mines that 
100 lbs. of material, containing 76 per cent, of phosphate of lime, was col* 
lected in one day by three boys working over the rubbish as it was thrown 
away at the pit’s mouth. The scarcity of phosphates in India renders this 
occunence a subject worth further-attention, as the apatite has hitherto been 
thrown away with the rejected rubbish which forms large heaps near all the 
mines. Treating it as a bye-product, the only expense involved will be cooly 
labour in picking over the waste heaps, royalty and transport. 

The system of mica mining ca.Tiicd on, largely under European manage- 

Syaem<>flficamiMng. most wasteful and laimitive type 

possible. In the Bengal area the so-called mines are 
narrow, irregular holes, following the pegmatite sometimes to depths well 
over 200 feet. The whole of the materials— mica, rubbish and water— are 
brought by coolies to the mouth of the hole, which is very often near the 
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snmmil of a hill, being the point where, on account of better exposure, the 
pegmatite outcrop was originally discovered. On account of the accumula* 
tion of water, all mining operations are suspended during the monsoon season, 
and at the close of the r'ains the process of “forking a mine occupies several 
days and sometimes weeks. In the same way, an hour every morning is spent 
in baling out the water accumulated overnight. With the one exception 
now being inaugurated at Bendi, there is not a single vertical shaft in the 
whole mica-mining area of Bengal, not a single drive or cross-cut to show 
that the miners have appreciated the actual disposition of the pegmatite as 
normal intrusive sheets, and, notwithstanding the favourably shaped natural 
contours of the ground, not a single adit for the removal of water. Contrary, 
too, to the explicit regulations on the subject, no plans of the mines have been 
prepared to show the disposition of the workings. That mica-mining has 
yielded large profits under such remarkable circumstances affords strong pre- 
sumptive evidence of the value of the deposits and of the success which should 
be expected to attend a more scientific exploitation of the many fine pegma- 
tite sheets hitherto untouched. The memoir now in course of preparation will , 
it is hoped, be of some service in disseminating information on these points— 
the principles of prospecting and mining the mineral, as well as of its prepar- 
ation to meet the market peculiarities. The export statistics show a yearly 
output of over 10 lakhs-worth of mica, and with careful treatment of the 
abundant material still available, India should continue easily to hold its 
place as the first mica-producing country. 


Mcdrca Area. 


In many points the mica-bearing areas in the Nellore district repeat the 
essential geological features noticed in Bengal— a 
crystalline complex of well foliated mica and horn- 
blende-schists, quartzites, sometimes talcose, chloritic 
garnetiferous and kyanitic, invaded by coarse acid pegmatites, and associated 
with more perfectly gneissose types as well as a gneissose homblendic 
granite. On the east (east of Long. 80°) these crystalline rocks are covered 
by strata of comparatively recent origin, and on the west they are again hidden 
by the Cuddapah system forming the Veligondas. Othet rocks of interest 
which have been found within this area are the diabase and olivine- diabase 
dykes which are abundant near Rdpdr ; quartz porphyry in the neighbour- 
hood of Gilakapad and a siliceous breccia not unlike the rock found so 
remarkably developed in the Monghyr district. 

The pegmatite masses are in the form of intrusive sheets, following the 
. foliation more frequently than as dykes cutting the 

^ * folia. They are most abundant in the eastern part 

of the schist area where the foliation planes are inclined at high angles, 

C2 
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The selvages of the masses are generally richer in mica than the central 
portions. 

Because of the method of \7orking in open quarries with natural slopes 
on the sides, the mining for mica in the larger 
Snten of Mica Mining, remains profitable for a 

longer period than the mining of the narrower sheets, where, for the same 
expense in actual quarry work, a much smaller quantity of marketable 
material is obtained. Practically, all the work carried on in the Nellore 
district is of the open quarry kind, and although it is one degree in advance 
of the Bengal methods, it is remarkable that none of the miners have 
attempted to deal with the pegmatite veins by vertical hauling shafts and 
drives after the fashion pursued in all modem methods of mining for miner* 
als occurring in regular veins or sheets. 



Sdfai^ witlh. Pegmaisces. 

'‘Vid&Louti Pe^nas tiiB eri. 

The muscovite obtained in the Nellore district varies greatly in colour, 
white, smoky, grass-green and yellowish green being obtaiiied both clear 
and spotted.- The ruby-tinted mica, which has made Bengal famous in the 
market, is not found in Madras, although larger crystals have been obtained 
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in the latter area. Besides the large numbers of veins covered by laterite 
and alluvium, there are many places exhibiting favourable indications of 
mica, which have not yet been carefully prospected. 

2 , CoAt. 

Mr. T. H. D. LaTouche had already in 1896 reported on a coal seam 
which was discovered in an old well near the village 
fc oa in t amr. Palana in the Bikanir State, and in Records, 

VoL XXX, page t22, he has given a description of the seam as it was then 
accessible. He has since revisited the locality, and gives a few additional 
facts about this cOal in the annexed report. 

During my last tour in Rdjputfina I paid a flying visit to this spot in 
company with Mr. LaTouche, and was much impressed With the possibilities 
which this coal discovery suggests and the seeming indifference of the local 
authorities with regard to it. It is true that the coal is of an inferior quality 
as compared with Bengal Coal, but so is the Quetta and Dandot coal, and 
yet the latter coal-fields are of very great economic importance to the 
North Western Railway system, near which no better coal is obtainable 
except at very high prices. 

The coal-field or fields of Bikanir are probably of very large extent, for 
similar outcrops of coal-seams have been met with in several wells at far 
distant points. It is, therefore, very strange that three years have been allowed 
to- elapse before a complete exploration of the fields has even been suggested. 
The country is only slightly undulating, mostly covered with blown sand, and 
the strata are apparently quite flat or nearly so, so the problem which 
presents itself is not a difficult one. With the seams so near the surface 
(little over 200 feet below) a series of drills would cost but little. 

There is even a possibility that better seams may be met with below the 
Palana seam, and I would therefore suggest to drill to at least i ,000 feet 
near Palana itself, and not only test the upper seam, but explore the beds 
below, and so obtain a geological key section, which is not obtainable 
otherwise, there being nothing but recent beds in situ for miles around. 
A series of drills to lesser depths judiciously placed would prove the coal- 
field and give the available amount of fuel accurately- Before doing this it 
is folly to incur expenditure for machinery, branch lines of railway or in 
sinking and furnishing hauling shafts, when nothing definite is known of the 
extent or character of the field. And yet I believe some of these measures 
have actually been sanctioned, when an expenditure of R5o,ooo or less 
might have given all the information needed. If the coal-field is extensive, 
as I believe it will turn out to be, it will convert the Bikanir State into the 
most important of that group of Native States ; it lies midway between the 
North-Western Provinces and Karachi I 
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The following notes have been sent in by Mr, LaTouche 

Since the date of my last visit to Palana in November 1897 the old well 
which Mas being cleared out by Mr. Gabbett has been 
carried down to a depth of 240 feet, at which depth 
coal was found. The seam here, however, proved to 
be only ao inches thick, and as it was not found to inc^ea^e.in thickness in 
two short headings that were started from the bottom of the shaft, it was 
decided to acquire from the villagers the well in which the coal was originally 
discovered (described by me in Records, G. S. I., Vol. XXX, Pt. 3) and to 
drive headings into the coal in several directions, as I recommended in the 
report cited. It was found that at thie point at which this well was sunk there 
was a considerable difference in the thickness of coal seen in the sides of the 
well. On the south and west sides it was about 8 feet, but quickly thickened 
to 20 feet, at which thickness it remains so far as the headings have been 
driven up to the present. On the other sides the coal is cut off by what 
appears to be either a fault or a sloping surface due to denudation of the 
coal previous to the deposition of the overlying rocks. I am inclined to think 
that it is not a fault, for the plane of division does not cut directly across the 
seam, but quickly curves round to the north-east. A heading is now being 
driven in an easterly direction to prove the extent and nature of this obstruc- 
tion to the continuity of the seam. 

Towards the south, a heading has been driven for a distance of 1 70 feet, 
still in coal 20 feet thick, and cross-headings are being laid off from this, 
which will in a short time be connected with the shaft, so as to provide for 
ventilation. Mr, Jackson, the overseer in charge of the mine, also proposes 
to sink a new shaft some 150 yards from well No. 3, to be used as a winding 
shaft, as the walls of the well are by no means in a safe condition, being 
merely coated with cement. This well could then be used as a ventilating 
shaft and also for drawing water. 

It seems sufficiently evident from the work that has already been done, 
that the seam varies considerably in thickness, expanding from only 20 inches 
in one shaft to a thickness of 20 feet in another only 1,600 feet away. It will 
therefore be necessary to actually prove the coal by borings before forming 
any estimate of the amount available. 

^ Now that the coal has been opened out, it is possible to form a more exact 
opinion as to its quality than was possible from the more or less weathered 
fragments originally obtained from the sides of the well, and I am sending 
down a sample of about a maund in weight in order that a thorough 
examination of it may be made in the laboratory. In appearance it is much 
more like the brown woody-looking cretaceous coal of the Garo Hills in 
Assam than any of the uummulitic coals I am acquainted with, and it con- 
tains an even larger amount of the fossil resin which is characteristic of the 
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ctetaceous coah .of Assam. In the mine at Palana regular layers of this resin 
can be seen running for considerable distances through the coal, and large 
nests of the same substance are freely scattered through it. 

' About 50 tons of the coal has been sent to Mn Home, Manager of the 
Jodhpur-Bikanir lUilway at Jodhpur, for trial in locomotives, but Mr. Home 
told me that he found it necessary to get special firebars fitted before carry- 
ing out the trials, and that the consumption under present conditions in 
stationary engines ms from twice to two-and-a-half times that of Bengal 
coal in order to obtain equivalent results. This is owing to the rapidity with 
which the Bikanir coal burns, but no doubt the consumption will be consider- 
ably reduced with experience in stoking. Even if it is found unsuited for 
locomotives, a large demand for the coal will probably gprow up in Bikanir 
itself, where fuel of all kinds is exceedingly expensive. 

In connection with the deep drills for coal which are being made near 
the Eeb bridge of the Bengal-Nagpur Railway, Mr. 

Borings in ike Smith was sent to the Rampur coal-field from 

ampur oa- e . to 8th October 1898, the Government having 

called for a special report on the sequence and structure of the strata which 
make up the coal-bearing Gondwanas of that field, with a view of deciding 
on the best sites for a deep drill which Messrs. Kilburn & Co. had con- 
tracted to undertake. Mr, Smith has sent in a report on the locality with map 
and sections. 

3. Landslip at Naini Tal. 


A very serious landslip occurred at Naini Tal on the 17th August 1898, 


Mr. C. S. Middlbmiss. 


and Mr. Middlemiss was at once deputed to examine 
it, and he has since sent in a fully illustrated report on 


the same, of which the following is an outline The slip occurred on the 
south-west side of the Kalekhan hill, from where a large mass fell into the 
Ballia ravine above the Brewery, overwhelming part of its buildings and 
causing a loss of 27 lives, among whom was Mr- Beechey, Assistant 
at the Brewery ; the slip did also much damage to the bridle road, 
toll house, etc. From the top of the slip to the bottom of the debris near the 
Brewery is about 1,000 feet, while the area affected,' including the broken - 
away scarp, the slope of movement and the deposited dtbrts^ is about "^tb of a 


square mile. 

The rock composing the hill-side is a very much shattered slate, in places 
grey in colour, but chiefly black and carbonaceous, with minute iron pyrite* 
crystals. It has been shattered in situ by crushing along fault planes and 
shear planes. Access of water, owing to the general dip being down-hill, has 
further rendered the slate rotten, so that in places it is nothing more than a 
black mud. Under these conditions, and with a heavy rainfall of nearly 
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40 inches the week preceding the slip, the semi-liquid mass of shales de- 
sce^ed from the completely disintegrated and water-saturated slopes. 

The general slope of the hill before the slip was not great. The angle 
formed by a line from the Brewery to the top of the slip is only 20°, whilst 
the present concave surface of the slip is placed at an angle of 45® to 48° at 

u-i !*'® 35 ° to 37 ° along the main slope : 

whilst the latter lessens down to 10° in the lower part near the Ballia ravine, 
Thrte temporary lakes were formed which have since percolated away. 

The gist the precautions recommended by Mr. Middlemiss consists in 

theodolite obsemtions, which should be carried out in the same manner as 
on the Sher-ka-Danda slopes within Naini Tal station, by which means early 
symptoms of any movement of the free edges of the slip may be detected. 


4. Irrigation. 

From the 5th to the 14th June last Mr. T. H. Holland, with the permis- 

ProMei i„ Mr committee 

tkitaldroo£r Disttict, C^olonel McNeil Campbell, R.E., Mr. G. T. Walch 

in n iU t J appointed by the Mysore Durbar 

to report on the fonndattons of a proposed dam at Marikanave in the Chital- 

droog district. The report, drawn up in consultation with the State Geolo- 
gist, was communicated direct to the Durbar. 

From the 6th to the 14th of December last Mr. T. H. Holland was engaged 

frrUration lake in ’^®f DeWinton, 

the Bhavani Valley. Enj^neers, and Mr. Larminie, Superintending 

. . ^“giaeer, in examining the sites proposed for a laree 

imgation lake in the Bhavani Valley. A report on the geological fituresTf 
the area, with map, has been forwarded to the Madras Government. 

B. Geological Surveys. 

I. Central Provinces. 

During the last cold weather season Mr. Bose continued the survey 

• Raipw disiHcty Ranker Southern parts of the Raipur district with 

and Bustar States. the adioininST Native ^igtsc XT i. 

Mr.p. N. Bose. . *'iaiive btates. He has sent in the 

, following notes on the progress of the work : 

The area examined includes a portion of Dhamtari tahsil (Raipur dis- 

Ar«e»aiiiined. of Ranker and Bustar States— about 

2,100 square miles. The country (except a verv small 
portion bordenng the Mahanadi near Dhamtari and Ranker) is covered with 
hingle and very sparsely populated. ^ tuverea witn 

‘ The Ranker-Sihawa country, as well as the northern portion of Bustar 
The GneisAc reeks. oratory south of Ranker, is formed almost exclu- 

sively of massive granitoid rocks. Gneissic rocks 



General Report for jSgS-gp. 


37 


The transitions. 


with usually distinct foliation come in near Bhanwera (32 miles west of 
Kanker) and extend south towards Antagar and Kolur (Bustar State). Near 
Bhanwera the strike of foliation is nearly north-west — south-east. In the 
vicinity of Antagar and Kolur, the dominant trend of the strike is north- 
north-west — south-sou th-east ; and at Rajarao Ghat (between Kolur and 
Narainpur) it is east-south-east — west-north-west. 

Rocks referable to the transition system were encountered towards the 
end of the season in the southernmost portion of the 
the area surveyed— south of Antagar, Bustar State— 
where they form an almost unpopulated, extensive hilly tract. The principal 
rocks met with in the Bustar sub-metamorphic system this season are 
haematitic and other quartzites, and hornblendic and micaceous schists, 
the quartzites being found at the base. 

The laminated haematitic quartzite is the most prominent rockj though 
its thickness compared to the other members of the system is not great. It 
gives character and definition to the sub-metamorphic hills, whether forming 
conical peaks as on Bivapal hill, or bare, sharp, notched perpendicular cliffs 
as west and south of Kolur. 

The sub-metamorphic strata have undergone great disturbance. The dips 
are high, nowdiere less than 45° and often above 60°. At places, as near 
Bivapal, the strata are folded, contorted and faulted. It should be noted 
in this connection, however, that the laminae of the haematitic quartzite 
sometimes simulate the appearance of contortion and crumpling. The strike 
is often twisted about. It changes from nearly north — south between Bivapal 
and Kolur to north-east — south-west S. of Kolur, and again to east-south- 
east — west-north-west at Rajarao Ghat. 

The relation to the gneiss is one of unconformability. The unconforma- 
bility is far from apparent in some sections, in which the gneiss presents the 
appearance of having been tilted up with the super-incumbent sub-meta- 
morphics, there being hardly any discordance in dip or strike between the two 
sets of rocks close to the line of junction ; and there are obscure transitional 
passages from the one to the other. Even within the small area examined 
this season, however, the transitions have been found to rest upon a much 
denuded surface of the gnelssic rocks. 

The resemblance of the Bustar transitions to the Dharwars is notable 
except that I did not find any conglomerates among them. But the area 
examined this season comp ared to what, I expect, they will be found to cover 
is insignificant, and conglomerates may yet be found. 

The basal sandstones of the Chhattisgar lower Vindhyans (Chandarpur 

The Chhattisgar sandstonesj form a belt of well-wooded undulating 

Lower Vindhyans, Upland some lo miles broad along the southern 

Chandarpur sandstones, border of the Chhattisgar plain. They were also 

met with in the northern portion of the Bustar State west of Singenpur and 
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Keskal. Small outliers of the sandstones occur between these two main 
areas, and it is possible that they were originally connected. The bottom 
beds are* as a rule, very thick and conglomeratic or breccio-conglomeratic ; 
at places they consist partly of arkose. They rest upon a denuded surface 
of the granitoid rocks and are overlaid by coarse, usually greyish or whitish 
sandstones. Interbedded with them, apparently as lenticular bands, occur, 
asat Jogftara and Murkatola, laminated whitish and yellowish shales. At 
places, as west of Singenpur and Keskal, they appeared to be horizontal. 
Elsewhere, they roll about; and in the Ghat section, south of Murkatola 
i(on the new Dhamtari-Kanker road), a distinct dip was noticed pointing north- 
north-east, that is, towards the plain. 

The shales and limestones of the plain country are separated from the 

The Raipur shales and ^ Stretch of alluvium 

limestones, bordering the Mahanadi. The nearest outcrop met 

with — cdcareous shales at Chundmundia nearKuned 
— is some 8 miles distant. I must say, however, that the plain country was 
done by rapid marches, and that closer search may reveal nearer outcrops. 
The shales just mentioned have the appearance of horizontal ity. But close to 
the old Raipur-Dhamtari road, in a stream between Singdelie and Joraturria, 
some laminated sandy shales were met with which were found to dip 5® 
north-north-east, that is, in the same direction as the sandstones south oi 
Murkatola. 

The iron: ores (limonite and haematite) met with occur chiefly in Antagar 

lUm<mUG,,logr.lron. State. They are more or less super. 

ncial, but very rich and extensive. At present, they 
are but little utilised. The principal seat of the iron industry is at Topal 
Xnear Antagar), where I found eight primitive furnaces at work. The 'ron- 
pres are of various origins. At Topal, they appeared to me to be the pro- 
duct of decomposition and alteration in situ of a very hard, compact, darkish 
dioritiolooking rock. Near Hurteli, they have been apparently formed by 
the lateritisation of schistose quartzites. The haematite of the haematitic 
quartzite generally becomes concentrated towards the surface, the quartzite 
being sometimes almost entirely replaced by it ; and rich nodules of haematite 
occur in abundance at the foot of the haematite-qaartzite hills and in the beds 
of streams flowing therefrom. 

Gold is washed for in the Kolar river by two families of gold-washers 
(Sanjhars) settled at Kolur, who eartend their opera- 
tions, however, as far as Sonpur (17 miles south of 
Kolur) and Portabpur (27 miles west of Kolur), but they do not seem to 
earn more than one or two annas a day at it. The Kolur river and its 
feeders drain both the sub-metamorphics and gneiss areas, but evidence 
seems to point to the sub-metamorphics as the likely source of the gold. 
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Area. 


The Chandarpur sandstones yield good building stones at places. The 
whitish shales associated with them at Murkatola are 
Building stones, eic. present largely used in the neighbourhood as 

a substitute for lime for white- washing houses. They are, however, pure 
enough to be usable for pottery purposes. 

The survey of the southern portion of what is known in Indian geplogy 
• Parts of the Sambal- ^sthe Chhattisgarh basin was continued by Mr. Smith. 

bur and Ra^ur districts. It forms the western extension of the geoloffical 
Mr. F. H. Smith. ,, ^ « j. ,® 

surveys carried out by that officer during the pre- 
vious season, and vdth it the Chhattisgarh basin may now be considered as 
completed, as far as the geological mapping is concerned. Mr. Smith reports 
briefly as follows : — . 

The tract of country surveyed this season lies to the east of Raipur, being 
bounded on the west and north by the Mahanadi 
River, on the east roughly by longitude 83®, and 
on the south by latitude 20° 30', It comprises an area of some 5,000 square 
miles. 

The Mahanadi River traverses the eastern edge of the Chhattisgarh plain, 
s*kirting continuously the marginal hill-range which 
slopes up gently from the plain southwards and 
eastwards, forming the rim of the Chhattisgarh geo* 
logical basin. The southern and eastern faces of these hills are scarped, 
and they overlook an expanse of broken and hilly country formed chiefly 
of gneissic and granitic rocks. 

The Chhattisgarh plain is formed of a great series of calcareous beds, shales 
and limestones, almost horizontal, overlying a quite distinct series of siliceous 
beds, shales, sandstones and grits, the up-turned edges of which form the 
marginal hills. 

The siliceous series rests on the original uneven surface of the crystalline 
rocks, usually coarse granites with little or no foliation. 

Towards the northern end of the area, in the Sonakan hills, an interesting 
mass of transition rocks occurs, of intermediate age between the siliceous 
series and the crystallines. These rocks have been folded and crushed into 
the crystallines, where they exhibit vertical bedding and are capped by the 
almost horizontal siliceous series. 

The Sonakan beds and the gneiss are seamed with dykes of eurite, com- 
pact andesite, diorite and diabase, and also with occasional long veins of 
brecciated pink and greenish quartz and jaspar. 

Drs. King' and Ball* have classed die calcareous and siliceous series of 
this basin as upper and lower members of the lower 
Vindhyan system, which has here attained a much 


Correlation, 


1 Rec. Geol. Sur. Ind., V0I. XVlIl, pt.1.4, p. 169. 
3 Kec.'Gcol. Sur. Ind., Vol. X, pt. 4, p. 167. 
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greater development than in the typical Vindhyan area to the north. There 
does not seem to beany valid reason to difier from this correlation. 

On the other hand, in the Chhattisgarh area, we have a set of extremelv 
crashed and metamorphosed transition beds folded into the gneiss, which 
resemble the Dharwars of the south much more strongly than the less dis- 
tiirbed transition Systems of the north, 

" less horison- 

ta y, the siliceous senes of alte^dng shales and quartzites, overlaid by the 
calcareous senes of shales and limestones. Many rocks of the latter series 
are indistinguishable from those of the Earnul series of the south. 

♦K resemblance to that of the south where 

the cmshed Dharwars are unconformably overlaid by the saiceous Cuddapahs 
andite calcareous Eamuls, and the suggestion arises that the lower Vindhyan 
system undergoes a gradual but constant development southwards. S 
compnses the whole series of the Cud dapahs and Kamnls. Unfortunatdy no 
trace of fossil evidence has yet been discovered. v««nareiy no 

About half the area surveyed is covered by crystalline rocks. Those of 
CrysiaUim rocks. “e Western and northern portion are almost entirely 

, V K , c which pass locally into 

syenite by the loss of their free quartz. The usual constituents are pink, white 
and gxeemsh felspars and quartz with small ragged crystals of hornblende 
and brown mica; veins of epidote are also frequent. Occasional bands of fine- 
grained rock occur, o the same composition, and in them, and also occasion- 
ally in the coarse rock, foliation is seen, with a very general vertical din and 

To 4.o<«h.e«. ol to 

IS overlaid by a tongue of the lower Vindhyans running s^th-westwardf To 
the north-west it rests normally on the gneiss, but afong the south-tastem 
bounty the Vindhyans are folded and faulted down abruptly into the gneiss 
This disturbance extends southwards to the Gandamardan range, which 
rans parallel to this fault. It is composed of crushed garnetiferous gneiss 
and quartz-pinet schist, with very strong north-easterly foliation ^ The 
differentyaneties of gneiss, however, pass into one another graduaUy, and it 
IS impossible to draw any hard and fast line between even the' schistose 

^^msses and the coarse porphyritic granites that may have been intrusive in 

Ikom the description given by Drs King and Ball, it is practically certain 
Smakan hods. „ f transitions form an out-lier of King’s 

miles SraS^^ info 
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the sunounding gneiss. Northwards their upturned edges pass under the 
horizontal Vindhyans. 

It seems impossible to make out any definite sequence in these beds. 
They are all vertical, but there is no plain evidence of any symmetrical fold- 
ing, The crushing and the intrusion of numerous trap-dykes have produced 
intense metamorphism in places, and the rocks vary from soft clay-slates and 
argillites to compact siliceous hornstones, petrosilex, and fine amygdaloidal 
felsites with bands of conglomerate and boulder beds, and local subordinate 
bands of quartz-magnetite schist. 

Three main north and south hill ranges are formed of compact felsites 
frequently full of white grains of quartz, felspar and occasionally calcite. 
They seem to pass into extremely fine and silky hornblende schists. The 
intermediate valleys are filled with the softer clay slates, with occasional bands 
of quartz schist and veins of quartz. The boulder beds consist of com- 
pact siliceous and trappean rock, through which are scattered boulders, up to 
2 feet in diameter, of all kinds of gniess, granite, syenite, diorite and serpent- 
ine, with pebbles of jaspar, Hint and banded homstone. In places the crush- 
ing has been so great that the pebbles are drawn out into lenticular masses of 
crushed fragments. 

Muchinterbedded trap occurs amongst the Sonakan beds, bands of compact 
andesite running frequently along the strike. Dioiitic dykes are also com- 
mon, but they have intruded subsequently and irregularly on the gneiss and 
the transition beds alike. 

Another small patch of metamorphosed rocks, folded into the gneiss, 
occurs to the south-east. They consist of earthy mica schists, with white 
quartz veins running irregularly through them, but they bear no resemblance 
to any of the Sonakan beds. 

Lower Vindhyans, 

Overlooking and resting upon the gneiss and transitions comes the 
siliceous band of the lower Vindhyans, forming 
the marginal hill range which slopes down gently 
to the Chhattisgarh plain. Its thickness, which 40 miles to the eastward 
reaches 5,000 feet, has here dwindled down to less than 200 feet 

To the north, the siliceous series consists of an upper band of fine pur- 
plish sandstone, with numerous green chloritic grains, overlying a band of 
pink to buff clay shales, which again overlies a band of coarser felspathic 
sandstone and grit. Southwards, however, the two upper bands thin out and 
disappear, while the lower band increases in thickness, being composed of 
white quartzitic sandstone above, passing down into a pink highly felspathic 
grit or arkose. The total thickness of the series remains much the same 
throughout, being from X50 to 200 feet. The beds of the siliceous series dip 
down very gently, vrith apparent conformity below the calcareous series of 
the plain. 
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The Chhattisgarb plain presents a perfectly flat surface, on which, here and 

CaicarioMs serits. v^eties of almost horizontal limestone 

crop out. Continuous sections are very rare, and so 
any determination of the detailed sequence of beds must be unsatisfeictory. 

The chief rocks of the series are calcareous shales, porcellanie flags 
and limestones. The general section seems to be as follows, in ascending 
order 

Above the siliceous series come several hundred feet of grey compact 
flags. Above these a rather greater thickness of soft purple shales, with pale 
grey-^een laminae. These are overlaid by a curious band of purplish, nodu- 
lar, shaly limestone, traversed by numerous irregular vertical cylinders of 
purer limestone, due apparently to concretionary action. Above this, in the 
Raipur neighbourhood, bluish compact limestone appears, overlaid by red 
sandy shales, which are much folded locally. The latter appear to be the 
uppermost beds met with. 

Minerals of economic value, with the exception of laterite, limestone and 

Eccncmicgeoloty. bmlding Stone, appear to be absent. The Sonakan 
neighbourhood is said to yield gold, and an F.nglish 
company worked there for some years, but found nothing. I could not find 
any trace of gold either in the stream beds, or in the quartz reefs and bands 
of grit and conglomerate in the lower Vindhyans. 


2. Central India. 

The geological survey of South Rewa, which had been carried on during 
several previous years under the superintendence of 
Oldham, required some overhauling and comple- 
tion in parts, which this of&cer was charged with 
during the last cold weather season. In addition, a part of the lower 
Vindhyan area in Mirzapnr was examined, as it was hoped that some -addi- 
tional information would be gbtained regarding the relation of the lower 
to the upper Vindhyans. He has suggested an interpretation of the geology 
of the country south and west of Marknndi — ^where the exposures of rock 
are few and fax between —which is simpler than that suggested in the 
Memoirs, Vol. VII, Pt. I. The most interesting result, however, has been the 
discovery of an intrusion in the Lower Vindhyans; the rock is extremely 
decomposed, too much so to be determined, but has the appearance 
of having been originally a leucite rock. At Maikundi the lower Vindhyan 
limestone was found to be traversed with veins of sandstone having the 
appearence and behaviour of intrusive dykes. 

The^ survey may now be considered as finished and presents a very 
interesting portion o! detailed work, sufficiently complete in itself to deserve 
spefcial description ; the observations made by Messrs. Oldham, Datta, 
Smith, Vredenburg and Grimes will be embodied in a detailed report by the. 
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first named gentleman and will be published in a “ Memoir ” at an early 
date. 

3. Western RajputanA: Jodhpur. 

Surveys have been carried on intermittently in the Aravallis and the adjoin- 
ing areas in past years, and the greater part of the Rajputsma States have 
been at least geologically reconnoitred, but much remains to be done to link 
the surveys to those of the adjoining parts of India. Nevertheless, I consider 
that the surveys which Mr. LaTouche has completed during this last field 
season should, for a time at least, suffice, other portions of the Indian Empire 
having greater claim to consideration. This year’s work embraces the greater 
portion of the Jodhpur State, and with the previous two years’ work in 
Rajputana presents a rounded off area which Mr. LaTouche will describe in 
a detailed report. Herewith annexed is his report on this year’s work. 

Barmer DisiricL — The greater portion of the rocky hills which protrude 
Mr. T. h. D La through the sands of the desert to the west of Barmer 
Touche, on Western (Lat. 25° 45' N., Long. 71° 26' E.) are formed of the 
Rajputana. Malani volcanic rocks. These do not present so 

great a variety as those occurring on the eastern side of the desert about 
Jodhpur and Siwana, but consist for the most part of compact dark grey, 
sometimes black, glassy or pitchstone-like lavas, containing scattered pheno- 
crysts of white or pink felspar and grains of quartz. Flow structure is 
frequently met with amongst them, and some of the flows are highly 
spheralitic. A reddish-brown, more strongly porphyritic, lava is found in 
places, especially in the neighbourhood of Barmer itself. There are no beds 
of tuff intercalated with the lava flows, but in one locality, near the village of 
Jesai, about 10 miles west of Barmer, a thick bed of conglomerate, consisting 
of well rolled pebbles of the lavas imbedded in an ashy matrix, is interstratified 
with them. The bedding of this is inclined to west-south-west at an angle 
of 30®, but with this exception owing to the similarity of the lavas forming 
the various flows, it is difficult and often impossible to make out any bedding 
among them and to determine what amount, if any, of disturbance they have 
undergone since they were poured out. They seem to have been protruded 
from a network of fissures, and to have* been heaped together without any 
definite arrangement. No trace of anything like a vent is to be seen any- 
where. 

At several places. the hills at Jesai, Taratra Chotan and Radhana, 
a coarsely crystalline hornblendic granite, without mica, is associated vrith 
the volcanic series. The relations of this rock to the lavas are not so clearly 
defined as they are in the Siwana and Jalor districts, described by me in 
previous reports- Occasionally veins may be observed proceeding from 
the granite into the surrounding lavas, but in other instances, notably in the hill 
at Rudhana, 27 miles west by north from Barmer, the granite is traversed by 
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la^s T» " indistiEguishable from the 

lavas Itapp^rs as though the granite had been intruded 1^7*0 Tatat 

had h!. 1 " laccolites, after a considerable portion of L aZ 

had been poured out, and that they were subsequentiy broken thronlh t ^ 

I have seen, is never traversed by basic dykes. ’ ^ 

ates ar^e «pofS mtiS:^Moifor^IVup!n 
I5olet!butItT^s^l”S'eTb^ 

obtained. The sandstones co4dn 

too fragmentary a condition for identification S^e nf th ™ 

ftagments of dicotyledonous Ses 2 undoubtedly 

contains fossilised wood, of Taisulmer Thi» n^^KKi • k ' which also 

^ robed, ,dd »..b.SuaS, S S!: Sf XtT 

stones occur again in an isolated hill (qqj feert near T, i m * 

™t ol B.nii«, Uie, dip .t an a.sU, rf 

On the eastern side of the desert, near the banka nf tKa t • . 
isolated patches of rock arioear from h<.nA«fK ^ several 

K»S. 7.-55' £) «.d .bo.1 l7Z "•• 

Sarnu. At the former place their junction with ®'“‘* 

cealed, but near Sanpa they are seen to rest nnn underlying rocks is con- 

Malani lavas. The "sandstones ive a 

s^» r» ” r ■“ ^7' 

»“ w«t and n„rt,.,e« „| 
Stones similar to those at TnH>irkT.r f rocks met with are sand- 

zontall, apon a allgbtl, undalaLg ‘.®"* 

f».b.a. ,d ba. 
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they disappear beneath the sandhills. Near the village of Osia (Lat. 
26^44' N., Long. 72®58'E.)the sandstones contain impressions which may 
be of organic origin. They consist of slightly raised, straight or curved 
markings, which are only discernible when the surface on which they occur 
is held obliquely in a strong light. The surface of the sandstones has a 
smooth glazed appearance as though it had been exposed to considerable 
pressure, and it is not certain whether such impressions could not be caused by 
mechanical means. Specimens have been forwarded to Calcutta for examin* 
ation. The exact horizon of these markings is doubtful, since the base of 
the sandstones is not exposed anywhere in the neighbourhood of Osia, but 
judging from the general inclination of the beds, the sandstones at Osia 
probably belong to a higher horizon than any of those exposed near Jodh- 
pur. 

Godwar D/j/r/r/.— Towards the close of the season I paid a short visit to 
the district of Godwar, to the south-east of Jodhpur, for the purpose of examin- 
ing the relations of the rocks of the’plains to those of the Aravallies, and of 
investigating one or two mineral discoveries which have recently been made 
in that direction. The greater portion of the plain of Godwar is occupied by 
an exceedingly coarse granite, which was apparently intruded into the A.ra- 
valli schists before the disturbance of the latter and has been folded up with 
them. The main boundary of the graiiite with the schists occurs along the 
foot of, the range, and has apparently determined the position of the 
scarp. Large patches of the schists, however, occur for a considerable 
distance to the west of the scarp surrounded as a rule by granite. Near 
the village of Desuri (Lat. 25^16' N., Long. 73 ° 3 / E.) one of these patches, 
consisting of calcareous schists, in actual contact with the granite, has been 
converted into a white saccharoid marble, resembling the well known marble 
of Makrana, which is quarried for building purposes. A lenticular fissure 
containing large rhombohedral crystals of calcite or Iceland spar, was re- 
cently discovered among the hills to the south-east of Sadri, some mil^ to 
the south-west of Desuri. Some of ,lhe crystals are fairly transparent, but 
none are without flaws, and the bulk of them are so opaque as to be of no 
value. 

A find'of copper and gold was reported by Captain Hughes of the Erinpura 
Irregular Force near the village of Rohera, a station on the Rajputana-Malwa 
Railway in Sirohi territory. The place had evidently been worked for copper in 
ancient times, and to a considerable extent, as may be seen from the heaps 
of copper slag in the vicinity. The old mine has been filled with debris and 
was not excavated to a sufficient depth at the time of my visit to enable me 
to judge of the extent of the deposit. The gold occurs in a pyritous schist 
associated with the copper-bearing schist, but does not appear to exist in 
workable quantity. 
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4. Himalayas : Spiti. 

of HiSr?' survey of the higher ranges 

I has been resumed. My ovra reconnaissance of Spiti, -which 

I made at the end of the rains of 1883. has been of an incomplete 

P°'tion of the area. Since then Professor Dr, 
Diener has described the fossils found in Spiti by myself and others to 

wootd for hL?’ contributed a large share. Spiti is classic 

Sr. » ^‘“^Inyan geology, and it is therefore fitting that the continua- 
sSt fromS the higher ranges of this mountain system should 

Hayden received instructions in May 1898 to 
^lev anH detailed studies in the region of the upper Pin 

v^ky and adjoining areas, to correct not only some points in the geological 
ey of It, but also to make eshaustive collections of fossils. His deputation 

fiae collections of almost all the beds 

oaSL r rTt^ • !u especially so, as hitherto thelower 

pataic rocks in the Himdlayan area have been found poorest in fossil 

and muschelkalk have yielded a very fine series of fossils 
S Sro ^ A hasdetermined 

..VT, «e p»bi»h.d » P.8,, 

Mr. Hayden reports as follows ;— 

The geology of Spiti has already been touched upon by various writers, 

H. H. Hayden’s wrk being that of Dr. Stoliczka 

npoHonS^ti. (Mem. G. S. I., Vol. V) and of Mr. Griesbach 

l,«.noKU,, , ^ (Mem.G.S. I. Vol. XXIIl). The past season’s work 

has enabled me to add a few facts to those already known. 

Paltozoic Group. 

As stated by Stoliczka,' the jalaozoic rocks of Spiti show two distinct 
Paiaoioic group, facies, which for convenience of description he has 
Tuu>facits. named the “southern "and the “eastern.” 

The southern facies is seen in the valleys of the Pin, Parahio and 

throughout the lower reaches of the 
^ "^be junction between these two series must lie some- 

where between the Thanam valley and Shalkar in Bashahr, and this I hope 
to be able to work out during the coming camping season. Until the exact 
relations which these two facies bear to one another have been determined 
it will be necessary to describe them separately. 

> M*m. G, S. I.. Vol. V, p. 16 . 
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Southern facies. 

The haimantas have been divided by Mr. Griesbach into three sub-divi- 
Haimanias, sions,— lower, middle and upper. To his descriptions- 

of the two former I have nothings new to add. 

The upper haimantas he has defined as “ two zones of very bard quartr. 
■hales,— the lower of which is formed by densely red and pink quartz shale*' 
which pass upwards into greenish-grey quartzite and shales with pink shaly 
partings/’ The thickness of this series is given as from 250 to 500 feet. In 
Spiti I find that the upper zone is of considerably greater extent than has 
been hitherto supposed, the total thickness being about 1,000 feet. It con- 
sists of alternating beds of quartzite and slate with occasional narrow bands 
of hard grey dolonaitic limestone. Towards the upper limit of the series the 
limestones gradually increase in thickness ’ till the system becomes one o£ 
limestone. 

The slates contain considerable numbers of trilobites, chiefly of the 
family Olmidce} and include species of Ptychoparia Corda and allied forms , 
with Dikeliocephalus and Olentts in the higher beds. These rocks are therefore 
Silurian. probably of upper Cambrian age, and consequently 

the overlying limestone must be classed as lower 
Silurian. I found only fragments of fossils, none of which could be determined. 
The dolomite is overlain by red slates followed by another bed of dolomite, the 
upper portion of which is conglomeratic. This passes up gradually through 
grits into the pinkish-red upper Silurian quartzite,” described by Mr. Gries- 
bach. This quartzite is apparently unfossiliferous, but is overlain by a 
limestone series in which I found large numbers of fossils. 

The “ upper Silurian ” quartzite, of which the total thickness is probably 

Voter Silurian passes Up into reddish siliceous 

^* “ * '** shales, which gradually become marly and eventually 
give place to calcareous shales and limestone. The lower siliceous members 
of this series appear to contain no fossils, but in the upper limestones are 
found large numbers of brachiopods^ corals and gastropods (chiefly pleuro^ 
iomaria sp.), while nautilus also occurs and one fragment of a trilohite. 
The fossils are unfortunately very badly preserved, but some can be deter- 
mined. Among the corals are specimens of Halysites cf. H, JSscharoide^ ^ 
Lmck., a species occurring at about the middle of the upper siluriau beds of 
Europe. The trilobite fragment is part of a head-shield of calymem, and 
resembles Calymene hlumenhachii, a typical Silurian form. It is, therefore, 
probable that the age of these limestones is upper Silurian, and not devonian 
as hitherto supposed, and the overlying system, the *‘red crinoid limestone ” 
of Mr. Griesbach, may prove to be of devonian age. 

^ Beecher : Natural dassification of the trilobites. Atn. Journ. Science, Sor. IV, Vol. Ill, 
p. 181. 

> I atn indebted to Dr. Noetling for this determination. 
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Carboniferous, 


Productus shales. 


The southern facies of the carboniferous system 
has been described by former observers and I have 
nothing new to add. 

The chief point of interest with regard to the Productus shales is the 
discovery in them of ammonites^ they occur near the 
top of the series, at about 30 feet below the base of 
the Otoceras beds, and usually form the centre of hard, cherty concretions^ 
but when extracted are invariably found to be in a state of partial or total 
disintegration. A few specimens can be determined and include Xemdiscus 
Waagen, species of Arcestes? and a form strongly resembling 
Cydolohus Oldhami^ Waagen, which occurs in the upper Productus limestone 
of Jabi in the Salt Range. 

About 10 feet above this ammonite horizon is found a band of hard 
brownish siliceous limestone full of orthoceras sp. 


Eastern facies. 

In lower Spiti near Po and Thabo the Productus shales are underlain by 
a thick bed of sandstone containing many fossils, chiefly species of spirifer 
and athyris, and passing down into a series of grits and conglomerates with 
Interbedded shales. Near the upper limit of the grits are two fossil if erous 
bands, the lower of which contains numerous specimens of a large prodticias. 
Below this band the grits become coarser and eventually pass into typical 
conglomerates, consisting of water- worn pebbles of quartzite, embedded, as a 
rule, in a coarse gritty matrix; at times the matrix becomes finer, and the 
rock, where it has suffered from pressure, might possibly be misuikcn for a 
boulder-slate. It was probably this local deceptive appearance of the conglo- 
merate that led General McMahon to compare it to the Blaini conglomerate 
of the Simla area.^ 

This series of coarse beds is underlain by a great thickness of alternating 
. ^ beds of quartzite (at times sandstone) and dark blue 

to black slates and shales. The senes attains an 
enormous development in the lower Spiti Valley, its total thickness being 
probably not less than 3,000 feet. Fossils occur in considerable quantity in 
at least three horizons situated at about 500, 1,000 and 1,500 feet, respectively, 
below the Productus shales. 

The two upper horizons consist of dark "{slates containing very large 
numbers of gorgonia, fenestella and other bryozoa, with badly preserved 
IracUopods. So abundant are the remains of fenestella in the uppermost 
horizon that I have named it the “Fenestella shales.” 

The third horizon also consists of dark grey and black shales containing 
inumerous plant remains : these are well exposed near Thabo. 

1 R«c. G* S. 1 ., Vol. 63. 
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The anclerlying beds are very similar to the upper part of the series, but 
have suffered considerably from metamorphism, intrusions of basic igneous 
rock being very common, and the slates are often altered into garnetiferous 
mica schists. 

The chief observers who have previously examined this area are 
Sloiiczka, Theobald, Mallet and McMahon, and hitherto this series has been 
classed as Silurian; but no collections having been made, the identification 
rested merely on a fancied lithological resemblance to Stoliezka’s “ Bhabeh" 
and ‘‘Muth” series. The fossils collected, however, during the past season 
point to a carboniferous and permian age for these beds, the “ fenestella shales 
being probably the representatives of the Z6wan beds of Kashmir. Till 
the collections have been examined in greater detail, it will therefore be most 
convenient to include the whole series of slates and quartzites under the term 
“ anthracolithic system,** a term proposed by Professor Waagen and adopted 
recently by Diener,^ 

The anthracolithic beds are underlain by a series 
ar oniferous, calcaxeous rocks, well seen near'Huling E. G., on 

the Spiti river, in Hundes. 

The uppermost beds consist of marly calcareous shales, passing down into 
limestones, the upper portion of which is a white to grey crystalline, saccha- 
roid variety, containing locally large quantities of gypsum in the form of 
nests of large crystals of selenite and also in tufaceous masses. 

Below this limestone are more calcareous shales with limestones, under* 
lain by and partially interbedded with white quartzite, which is lithologically 
similar to the carboniferous white quartzite of Muth. 

Fossils occur in the calcareous beds, but they are all badly preserved 
and cannot be identified. The limestone overlying the white quartzite is 
usually white or pink and contains large numbers of crinoid stems. 

The white quartzite is underlain by a red shaly limestone passing down 
into a bright Indian-red limestone containing crinoids and strongly resembl- 
ing the ‘‘red crinoid limestone " of the southern series. 

This limestone passes down into a series of sandstones and quartzites, 
which in their upper portion are interbedded with the 

r Silurian, red crinoid limestone, and lower down with light grey 

schistose slates. Impressions of bivalves and remains 
of corals and crinoids occur on the weathered surfaces of the rocks, bat none 
of the fossils could be determined. 

In the absence of other evidence, the lithological similarity of the white 
quartzite and the red crinoid limestone to the carboniferous rocks of Muth 
point to a carboniferous age for this series, while the sandstones may represent 
the upper siluiian. The lowest beds here seen consist of about 8o feet of 

^ Anthracolithic fossils of Kashniir and Spiti. Pal. lnd.,.Ser. XV, Vol. 1, Pt. 2 . 
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soft light-grey to gieen magnesian schist, underlying the upper Silurian (?) 
sandstones : it is considerably metamorphosed and appears to contain no 
fossils. 

Mesozoic Group, 

The mesozoic rocks of Spiti have been very fully described by former 
observers. Some additions have, however, been made to our knowledge of 
their fauna. An account of these will be found in the paper by Dr, A. von 
Krafft published widi this report. 

Igneous JRotks. 

Basic igneous rocks are found near Muth and also at Po and other localities 
in the lower Spiti Valley. The specimens collected 
Baiic igiMous rocks. during the past season have not yet been examined 
in detail, but they consist chiefly of diorites, epidiorites 
and rocks composed of amphibole and epidote. 

The acid rocks are represented by the great 
AM rocks. masses of granite which form many of the higher 

mountain ranges to the west and south of Spiti. 

Economic Geology. 

The occurrence of Gypsum in the lower Spiti 
Bypsunk. Valley near Huling in Hundes has already been 

described by Mr. Mallet. 

Galena is found in small quantities near the summit of the range between 
Po and Dangkhar, where it occurs in the form of 
GaUna. small isolated cubes in quartz veins which run throng h 

the upper trias shales. The quantity is small and it 
is of no economic value, although the local natives use it for making bullets. 

Iron ore in the form of red hocmatite occurs as a bed lo feet in thickness 
among the lower silurian rocks west of Muth, and 
iron. large quantities of yellow ochre occur in recent 

deposits near Dauksa E. G. in the valley of the 

Ratang river. 

5. Baluchistan. 

Dr. Fritz Ncetling was posted to Baluchistan for the summer and autumn 
months in order to continue survey work in the 
Western Mari hills and the western portion of the 
Zhob Valley. He left headquarters on the 21st April 
and started actual field work on the 14th May at Harnai. During the first 
weeks he studied the naagnificent sequence of strata about Torkhan and 
Smallan, which range from the upper jurassic to the tertiary system. 
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The primary object of the work consisted in mapping the blank patches left 
by Messrs. Oldham and Smith on the maps of that area, and to collect fossils 
from the five sections e:cposed there. Later on in the season he marched to 
Fort Sandeman and from there to Thanishpa in the hills bounding the Zhob 
Valley on the north. This excursion proved of great importance. When I 
visited the area in 1894 1 had mapped a great thickness of sandstones and 
shales, often hardly distinguishable lithologically from the Siwaliks, as 
probably miocene ; they rest on undoubted nummulitic beds, but the upper 
beds were poor in fossils. Dr. Noetling hsis succeeded in establishing the 
miooene ag^ of the beds by discovering a rich fauna, amongst which are 
numerous characteristic species of Dr. Blanford’s Gaj beds of Sind. 

Dr. BriiM Nmiling'i Dr Noetling hag sent in the following preliminary 
^^^liminaty report. jepoit OH the results of Hs work in Baluchistan 4 — 


Introouctiom. 

Mari hills and part of The surveys may be divided into two parts, vh. 7 

BheZhoiv alloy. Completing the portions of the sheet No. iiS 

Dr. Fnt2 Nathnff. ^ (Loralai) left unsurveyed by 

previous observers. 

(2) Linking up Mr. Griesbach's survey of the Western Zhob with his 
map of the Takht-i-Sulliman. 

Owing to the somewhat unsettled condition of the Marl tribes, the greater 
part of the first task had to remain unfinished, whilst the scarcity of w’ater 
and supplies made the second programme very difficult, although it may be 
claimed that the surveys between the Western Zhob and the Sulliman Range 
have been successfully joined. 

In September I returned to Loralai and Maas^ir Dif k and devoted the re- 
maining part of the field season to the study of the tertiary beds of Harnai, 
Shahrig and Khdst. 

On the way back to Calcutta I made a short excursion to Chidru in the 
Salt Range, where I continued the study of the beds between the permiam 
Productus limestone and the Ceratite beds on which I report separately. 

The sedimentary formations observed may be divided into the following 
divisions 


I. Mesozoic group. 

1, Jurassic system. 

Polyphemus limestone. 

2. Cretaceous system.. 

A. Lower cretaceous series. 
Neocomian, 

B. Upper cretaceous series. 
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II. Kainozoic group. 

I. Tertiaiy system. 

A. Eocene series. 

{(d) Lower Eocene. 

{ad) Etage Pathanian. 

{bh) Etage Ranikotian. 

(3) Upper Eocene. 

{ad) Etage Khirthaiian. 

B. Miocene series. 

Tanishpa beds. 

C. Pliocene series. 

(d) Lower Siwaliks. 

{h) Upper Siwaliks. 

1. l^esozoic Group. 

/. The furassic system^ 

The Jurassic system as represented by the Polyphemus limestone was 
chiefly observed in the Harnai district and in the Mazdr Drick anticlinal. A 
sub-division of the limestone seems impossible. 

Appearances point to the limestone having been eroded before the neoco- 
mian beds were deposited. 


2 , The Cretaceous system. 

A. The Lower Cretaceous Deposits belonging to the neocomian 

are widely distributed in Baluchistan. Their fossil contents amongst which 
Belemmtes dtlatafus is the most characteristic form have already been described 
by me in Pal. Ind., Ser. XVI, pt. II. 

I may mention here that a mistake has occurred in my memoir, and this 
was in the description of an interesting fossil as Gryphaa Oldhamt, said to 
have been found in the Belemnite shales. But as a matter of fact not only 
did I not find anything but Belemnites in this bed, but the Gryphcea Oldhami 
is one of the characteristic species of the zone of Gryphaa vesica laris, in which 
I found it in large numbers at D6s, and there is probability that this species 
has ascended from the neocomian to the top of the cretaceous system. 

The upper neocomian seems to be represented by a conspicuous white 
shaly limestone, which is seen to overlie the belemnite beds, but which so far 
has proved unfossiliferous. 

As far as yet ascertained, the neocomian series is directly overlaid by the 
Danien, the whole middle cretaceous (Cenomanien, Tuionian and Senonien) 

being absent altogether, or it may be they cannot be recognised wiilabut 
fossils. 
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The Upper Cretaceous Series. — ^The D6s anticlinal, as exposed on the 
northern side of the D^s hill, exhibits the most complete 'section of the upper 
cretaceous series. 

/• Zone of gryphsea vesicularis, 

(a) Unfossiliferous Shales, — The section begins with a scries of bluish 
nodular shales, subdivided by harder layers. No fossils have been dis- 
covered in these beds, though I particularly searched for them. A further 
subdivision of this group is therefore impossible for the present. 

(5) Horizon of Nautilus spec, nov, — ^The lowest fossiliferous horizon met 
with and which exhibits the same lithological character as the beds below is a 
bed of about 2 feet in thickness of an arenaceous shaly limestone of bluish 
white colour. This limestone is the chief bed of Sphenodiscus acvtodorsaius„ 
Besides this species, a naiitiltis new to Baluchistan was found, the shell of 
which was covered with very regular rounded ribs. 

(f) Horizon of Spondylus spec. nov. --Then follows the same clay as 
before and above that a similar layer as the Sphenodiscus bed, which, besides 
numerous specimens of a new species of contains the genera 

Crioceras Turrilitest though they are of rare occurrence. 

(f) Horizon of Pecten spec, nov.—kho^e this bed comes in a series of 
nodular limestones of yellowish colour, separated by softer layers, which are 
more or less argillaceous, sometimes also arenaceous, and which it would have 
been almost impossible to subdivide if they did not contain a rich fauna. 

The lowest of the horizons is characterised by the frequent occurrence of 
a large smooth Pecien (not yet described) in which the following species 
have been recognised 

Holeciypus laluchisianensis. 

Clypeolampas helios. 

,, vishnn, 

IJemipneustes pyrenaicus. 

Hemiasfer Oldhami. 

Ostrea ungulata. 

Gryphcea vesicularts, 

Vola quadricostaia. 

„ quinqueangularis. 

Pecten dajurdini, 

„ spec. nov. 

Lima spec, nov, 

Nerinea ganesha, 

Ovula spec, nov, (jigdnted). 

Nautilus spec. nov. 
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(tf) Horiicn of Hemipneustes comprmus . — Above this succeeds a nodular 
brown limestone with argillaceous intercalations which yielded the richest 
fauna discovered; according to a preliminary examination, the following fossils 
were found 

Trochosmilta protectans, 

Cyclolites regularise 
Cyphosoma sp. 

Proiechinus pauciiulerculatuSe 
Holeciypus haluchistanenM^, 

Pyrina gigantea. 

Echinanihus Grieshachi. 

Clypeolampas heltos, 
a vtshnue 

Hemipneustes compressus, 

„ lepmeriei, 

Hemiaster JBlanfordi, 

„ Oldhami, 

Osirea ungulaia, 

Exogyra pyrenaica, 

Gryphcea vesicularis, 

Oldkami, 

Vola quinquangularts, 

„ quadricostaia, 

Pecfen dajurdini, 

Cardtia suhcomplanata, 

Pholadomya indica, 

Trochus larteHanus. 

Turritella spec, /. 

Nerinea ganesha, 

Ovula spec, nov. 

Nautilus suhlaevigatus, 

Spkenodiscus acutodorsaius. 

Besides the above, several new species, among which a gigantic CucuUcea 
is of special interest, were discovered. The determination of the Cephalopoda 
is not quite certain, as it seems to me that the suture-line of the ammonite dis- 
covered differs from that of the typical Sphenodiscus acutodorsaius ; so this 
point must be settled afterwards ; there is certainly another species new to 
Baluchistan, 


2, Zone of Nerita [ffaitcd) d^arcktaci, 

if) Horizon of Pyrina ataxensis,^Pibo>ye this horizon is a dark blue 
unfossiliferous clay, in which towards its upper parts layers of bluish limeston 
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begin to appear, which increase in number . 'till the argillaceous element has 
almost disappeared > this is the chief habitat of Pyrina ataxeniis which may 
be collected in any number, and it may be remarked that it does not occur in 
any lower or higher horizon. The following is the list of fossils 

Proteckinus paucituherculatus, 

Pyrina ataxensis. 

Hemipneustes compressus. 

Echinanth us Griesbacht , 

Gryphaa vesicularis, 

CucullcBa spec, nov, 

Neriia i'archiaci, 

Nerinea ganesha, 

Ovula spec. nov. {gigantea). 

(3) Horizon of Echinanthtis Intimately connected with this 

horizon, and ot the same lithological character t hough of brownish colour is 
the horizon of Echinanthus Grieshachi. This bed contains, besides the fauna 
above mentioned (except Protechintis pauciiulerculcUus)^ numbers chiefly of 
Echinanthus Grieshachi, and this series is terminated by (0 horizon of Natica 
d'archiaci, an argillaceous nodular limestone of brown colour full of Nerita 
{Natica) Parchiaci, 


3. Zone oj Radiolites Muschketoffi. 

Above this bed the lithological facies changes through the appearance of 
hard dark grey limestone, which however contains nodular layers full of 

Radiolites Muschketoffi. 
dilatatus. 

But it is very strange how suddenly the Radiolites both appear and dis- 
appear. At Mazdr Drik I failed to discover the Radiolites horizon but 

though I paid special attention to the matter, in the light of the knowledge of 

their occurrence at D^s not a trace was found, and I may thus confidently 
say that the Radiolites horizon is not developed at Mazdr Drik. 


4. Zone of gen. nov. ei spec. nov. 

The Radiolites horizon is succeeded by an olive coloured, perhaps a little 
darkish green, clay, which seemed at first unfossiliferous,but which was found 
to contain geodes full of fossils, none of which had come under my examina- 
tion before. The chief fossils are an interesting new genus, a new Osirea 
which almost imitates a brachiopod, spec, and a number of other 

species which have not yet been determined. 
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( 5 ) Zone of Indoceras baluchistanense. 

Above this is the red sandstone which is capped by the red clay, and above 
this occurs a brown clay with strings of limestone. Fragments of Indoceras 
haluchistanense vreie found, but the best preserved specimen comes from the 
previous horizon. 


{6) Zone of Ostera acuHrostris. 

This horizon gradually passes into a hard dark limestone, weathering a 
brown colour, which is full of shells of Ostrea spec. But in some softer layers 
were found well preserved specimens of this species, which, though their 
identity with the European Odrea acutirostris may perhaps now be 
questioned exhibit the closest relationship with a species very common in the 
upper part of the Ghazij (\ovJtx eocene). The similarity of both species is 
so striking, that for the present 1 fail to discover any difference. But a more 
searching examination may perhaps reveal the distinguishing characters. 
Cardita haluchistanensis, which is so common at Mazar Drik, is very rare at 
Dfe. 

The systematic collect’on of the fossils has proved the fact, that ihere 
exists a remarkable difference between the fauna of the zones i and 2 and 
that of zones 3 to 6. This faunistic d fference was at once noticed at Mazdr 
Drik and cori6rmed at D6s, and though it must be admitted that, taken as a 
whole, the fauna is of uniform and inseparable character, the differences still 
exist and justify the subdivision I have adopted below. The main points of 
this feunistic difference are the following i— 

(a) Out of the 16 species of Eekinotdea which I described 13 are res- 
tricted to the lower two horizons; only three, m., Hemipneustes 
compressuSi Hemiaster Blanfordi and Echinoconus gigas^ occur 
in the upper horizons, but the first two also occur in the 
lower horizons, where there is their principal habitat. They 
are so extremely rare in the upper horizons that in my 
collection they are only represented by one specimen each ; 
but on the other hand, it is certain that Echinoconus gigas does 
not occur in the lower beds. 

Among the Pelecypoda and the characteristic, 

costated Ostrta ungulata do not ascend to the higher horizons ; 
they are absolutely restricted to the lower ones. 

(z) In the Gastropoda the representatives of the genera Ovula^ 
Pugnellaria (j^^Fugnellm giganteui) occur mainly in the 
upper beds. 

(d) In the Cephalopoda the true Sphenodiscus acuiodorsaius, iti addi- 
tion to several evolute genera like Crioceras, Turrilites, are 
confined to the lower horizons, while Indoceras baluchisianense 
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is absolutely restricted to the top of the upper beds. This 
interesting^ species may be considered one of the youngest, 
if not the youngest, among the representatives of the family 
Ammonitidse.^ 

At Mazdr Drik only four species out of a fauna of about 30 species ascend 
into the higher horizons, and at D^s a similar ratio seems to obtain, though 
this has not been fully studied yet. Further details cannot be given till the 
whole fauna has been examined, but the above is sufficient to prove that 
there is a considerable difference in the composition of the fauna of the lower 
and upper beds and this may be expressed as follows 

In the lower beds species prevail which are of a more archaic type^ and these 
species die out in the upper iedsy where more modern types appear. 

The conclusions with regard to the age of the upper cretaceous beds, 
which I had arrived at in my memoir, were solely based on species occurring 
in the lower horizons. The age deduced from these species therefore applies 
in particular to the lower horizons, which must therefore be correlated with the 
elage ; it having however been pointed out that there exists a 

considerable d.fEerencein the com position of the fauna of the lower and upper 
horizons, it is unquestionable that the fauna of the upper beds must be 
regarded as belonging to the upper part of the Danien, viz.^ the etage 
GarumnieHy 

The question arises as to the boundary between these two groups, and 
this question is by nq^ means an easy one owing to the perfect conformity of the 
strata. The difficulties are in addition, enhanced by the facial differences 
existing in the lithological development of the beds at the various localities. 

From a preliminary examination I have decided to draw the boundary 
at that level above which the bulk of the Echinidee and the characteristic 
Pelecypoday Gryplnca vesic u laris txid, Ostrea not ascend, and above 

which unquestionably new species appear ; and this is below the zone of 
Radio ate s Muschketojli (No. 3). 

II.— Kainozoic group. 

I. Tertiary system. 

A. — Eocene scries, 

(a.) Lower Eocene. — (aa.) Etage Pathanian.— In the MazariDrik andDds 
section the zone of Ostrea aciUirostris is overlaid by a series. ol. shales ^which 
arc capped by a limestone bed of a variable thickness. 

At Mazdr Drik the shales vary considerably in colour ; being at one 

* 1 maj mention herfl that althouj^h particular attention was given to the matter no traces 
of the genus Balrmnites were found in the whole of the upper crutaccoub bads either at Maaor 
Drik or DeSm 
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place dark blue, almost black, they are almost white westwards, and are black 
throughout at D6s. In both the localities the shales contain comparatively 
large^quantity of iron pyrites. The iron pyrites occurs irregularly distributed in 
lumps and nodules throughout the whole thickness and is much disintegrated. 

Although I devoted much time to looking for fossils in this bed, I did 
not succeed in finding a single fossil with the exception of a single ill pre- 
served Nautilus sp. which seems to represent Nautilus suhlaevigatus of the 
zone of Osirea acutirostris. I thus consider these shales as unfossiliferous. 

Towards the upper parts of the shales thin beds of limestone begin to 
appear the surface of which is locally full of foraminifera. I recognized 

Orhitoides socialise 
Operculin>a rotalifera^ 

NummuHtes granulosa, 

Nummulites spec, 

but so far I did not succeed in finding any other fossils in the lower part of 
the limestone. The argillaceous beds begin to disappear, the calcareous 
beds prevail and the top of the series is formed by a thick bed of limestone 
containing the fossils as mentioned above. At Mazdr Drik this limestone is 
more or less flaggy, but at Uds it represents the true Pseudo-breccia of 
Mr. Oldham. Here I found, in addition to the above mentioned species, 

Ovula expanse, 

Ovule spec. , 

Nerinee ganesha. 

Fossils are extremely rare, and the Nerinca ganesha has been recognized 
by a fragment only, which is however unmistakeable. At Mazdr Drik 
I found nothing but foraminifera, Alveolina spec, (meloj ? being here, as at 
Des, very numerous. 

The above fossils are certainly very few in number, but by occurring also 
in the lower beds they prove that part of the fauna of the cretaceous strata 
ascend into beds in which true nummulites occur. 

There is unquestionably a considerable change of facies between the 
limestone of the zone of Ostrea acutirostris and the overlying shales as at Dds 
for instance ; but at southern side of the Mazdr Drik anticlinal the lithological 
difference is less marked, the lower part of the shales containing as they do 
calcareous beds ; in fact those resting immediately on the top of the zone of 
Osirea acutirostris represent impure limestone beds. But the bedding is quite 
conformable, and I did not find any evidence tending to prove the existence 
of an unconformity. 

The only >triking feature is the absolute want of animal life in the shales, 
a circumstance which is in strange contrast with the abundance of indivi- 
duals in zm.t ol Ostrea acutirostris It is difficult to explain this sudden 
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change Jthat some of the species passed this gap is, however, proved by the 
occurrence of Ovula expansa, Ovula sp. and Ntrtnea ganesha in the Pseudo- 
breccia, for which I adopted the name of zone of Ovula expanta,hrA the cause 
which annihikted the fauna of the zone of Ostrea acutirostris it is difficult to 
explain. Perhaps a sudden subsidence of the coast, as attested by deposit 
of shales in connection with a volcanic outburst may have been the cause, 
the acid ash of the eruption destroying all traces of the fauna. The frequent 
occunence of the foraminifera and the scarcity of other fossils tend to prove 
that the strata from the zone of Ovula expanse (=Pseudobreccia-alveoliBa 
limestone) upwards cannot be of a littoral character. 

The slratigraphical position of these beds remains therefore uncertain 
unless the view here indicated is accepted. If we fix the boundary between 
cretaceous and tertiary formation, above the Ostrea limestone and below the 
unfossiliferous shales, and consider every thing above the zone of Ostrea aeu/t^ 
costris as belonging to the tertiary age, then we have unquestionably cretaceous 
species in the lower eocene beds. But if we fix the boundary above the zone 
of Ovula expanse (^Pseudobreccia-alveolina limestone) and consider every- 
thing below as cretaceous then we have nummuliies occurring in the higher 
eocene beds associated with cretaceous species. 

In my judgment we cannot tell where the cretaceous formation terminates 
and the tertiaries begin in Baluchistan. If we are solely guided by lithologi- 
cal grounds, the zone of Ostrea acutirostris would have to be considered as 
the last cretaceous bed ; but the fauna of this zone is by no means such as 
could be considered a typical cretaceous fauna ; the number of species it has 
in common with the true cretaceous beds being very small, while on the other 
hand a number of new and unquestionably modern types, which I refer to the 
genus Conus, appear. 1 hare already mentioned above the strange similarity 
which exists between the Ostrea acutirostris and an Ostrea spec, from the 
upper beds of the Ranikote (=ghazij, middle eocene) group. 

But if we disregard the lithological grounds and are guided by the 
occurrence of the fossils only, we should have to fix the boundary above the 
jZone of Ovula expanse, a view which is untenable. 

The only way out of this difficulty would seem to be to accept an inter- 
mediate position for these beds. In my opinion they are to be correlated with 
the Cardita beaumonti beds of Sind, the fauna of which, though certainly 
related to that of the cretaceous formation of Baluchistan, exhibits features 
which cannot be solely explained by a facial difference. 

(bb) Jf/ug* The lower argillaceous group does not contain 

a very rich fauna, .at least in its lower parts. The fauna is rathir monotonous 
consisting chiefly of various species of nummulites. The higher beds have 
yielded a varied fauna, particularly at Hamai, Sharig and Khost. 
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So far as I am able to judge from my rather limited experience, the lower 
parts of the argillaceous group axe chiefly characterised by nummulitesheXo^g- 
ing to d'Archiac's section Siriaiae ; there are also some other species like 
perforata and H • heaumontii ratfiondt^ but it appears that the Striatse 
likeiV. granulosa do not ascend into the higher parts. If this observation were 
to be found general, an exceedingly good and easily recognisable feature for 
the further subdivision would be available. Whether the following succession 
of horizons may hold good for any larger area will have to be proved by further 
researches. 

At the northern side of the Mazdr Drik anticlinal I found, immediately 
above the zone of Ovula expama, Nummulites perforata in large numbers; at 
other places, however, for instance at Dds and Sonari, the same beds were 
unfossiliferous. Above the perforata beds came \n nummulites spec, nov., a 
very characteristic species which atDds and Maz^rDrik continued till the next 
higher horizon ; in fact it ascended higher still at Mazdr Dirk. South of Duki, 
a little north of Dabarkote, th’‘s species was replaced by Nummulites ramondu 
but I am unable to say whether this horizon is higher or lower than the spec, 
nov. horizon ; it is probably the former but above the perforata horizon. 

Above the last named horizon succeeds a series of beds which are 
characterised by the abundance of a cardita, Cardita muiabilis of the Rani- 
kote group. At Maz4r Drik and at Dds only a few other species have been 
found together with this species, but at Hamai numerous other interesting 
species have been found associated with it, most of them, if not all, being new. 
Of chief interest is the Ostrea aff. acutirostris which has here its habitat 
and does not apparently rise to a higher horizon. Above this bed occur clavs 
with an abundance of Ostrea lingua which forms extended banks near Harnai, 
Above the zone of Ostrea lingua comes a thin bed of calcareous limestone full 
of genus nov. spec, nov. And above that begins probably the Spintangi group 
as the fauna shows a considerable change. In an earthy soft limestone a 
smooth Ostrea was found which may probably represent a new species. 
Melonites meloh^^m to appear, and though lithologically still belonging to the 
argillaceous group, faunlstically it should perhaps be included in the next one 
AtMazdr Drik and at D6s the horizons above the Cardita muiabilis- 
horizon are not developed in the same way as at Harnai ; they are here 
represented by calcareous beds which chiefly contain nummulites spec. 
The following would indicate my view of the faunistic horizons in des- 


cending order : — 


Harnai, 


Mazdr Drik-Dds. 


^Nodular limestone • Soft nodular limestone (?). 

Zone of Ostrea spec. nov. . Flaggy limestone ?. 
Khirthaxian . Zone of gen, nov. spec. nov. 7 Nodular limestone full of 
Zone of Ostrea lingua , S Nummulites heaumonii, 
“Zone of Cardita mufaiilis , Clay with Cardita muiabilis. 
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( Zone of NummuliteSi spec, 
nov. 

Zone pf Nummulties ram^ 
ondi (?). 

Zone of NwmmuUtes perform 

aid, 

Pathanian , Alveolind limestone • Zone of OvuIcl expunsa. 

As already pointed out, this is only an attempt at the classification of an 
enormous series which had not hitherto been subdivided. I am quite aware 
that it will be considerably modified in future, but as the fossils have 
been collected according to the above horizons, with special regard to the 
lower ones at Maz4r Drik-Dds and the upper ones in the Harnai district, 
'the main features of this subdivision may prove correct. 

if) tipper Eocene, {aa) Eiage Khirtharian. — Though collections have 
been brought together no attempt has been made for the present to subdivide 
this group, as at our present state of knowledge of its fauna such attempt 
would seem somewhat premature. 

It was in my opinion, as already expressed, doubtful whether the lime- 
^itone beds at Mazdr Drik and Dds which have been considered as Spintangi 
(upper eocene) were really correlated with the Khirthar group or not. And 
although I am not yet in a position to give a definite verdict, it seems certain 
that the limestone series resting upon the Ranikote group is of a much greater 
thickness near Mazdr Drik and Dds than in the Harnai district. 

It must be left to future researches to settle the interesting question 
as to which bed of the Mazdr Drik-Dds area the nodular limestone of Harnai, 
the type of the Spintangi or upper eocene, is to be correlated with. If I may 
be permitted to express a suggestion, it is that the chert breccia* of the Harnai 
district probably indicates a break, and that the nodular limestone above it is 
really correlated with the Khirthar group. If this view be correct, it would 
prove that a considerable part of the series, as developed at Mazar Drik-D6s, 
representing the upper part of the Ranikote group, is not developed in the 
Harnai district. 

I give this opinion for what it is Worth, as it is useless to speculate further 
than our present knowledge of the actual facts goes, so long as the tertiary 
fauna has not been thoroughly estamined ; but the above considerations may 
perhaps serve as hints in future surveying. 

B.-^The Miocene Series. — Wherever I observed the Tanishpa-bdds, as 
I will call them for the present, the lowest beds exposed always contained 
Several beds almost exclusively composed of two species of nnmmuli/es, vi^.z 

NummulUes sublacvigatd. 

„ garansensis. 

According tb Blanford, these two species always occur just below the 
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boundary of the zaiocene, and in Sind at the top of the Nari group. I am not 
abletotestthis statement without extended references being looked up, but 
we may accept it. In this case, the beds characterised by these two species 
should^ be considered as representing the Nari group, and the true nn>rAn .» 
formation would begin above these beds. 

There is no difficulty of a separation at Sur Kach, for instance, where the 
nummuliferous horizon is developed in the calcareous, coralline facies ; 
but at other localities, as Shingan-Shaigula or at the foot of the hills where the 
nummuliferous strata occur in an arenaceous series, the beds being in fac* 
nummuliferous sandstones, the fixing of the boundary is extremely difficult 
as the series imperceptibly pass up into beds containing the tniocene fauna. 

At Sur Kach the Nari group has a calcareous facies containing a rich 
fauna of corals. I made a good collection here, which is likely to give 
interesting results. 

Above the nummuliferous beds of the Nari group comes in a series of 
sandstone and clay beds which are generally unfossiliferous, but here and 
there thin beds of a costated Ostrea spec, which have already been found 
in the uppermost nummuliferous horizon, appear. This species is associated 
with a large Ostrea having two smooth valves and I consider this as Ostrea 
lingua, but their identity TOth the similar species occurring in the upper part 
of the Eanikote (=Ghazij, middle eocene) group near Harnai must be proved 
by a closer examination. 

The costated Ostrea disappears and now an interesting fauna chiefly 
consisting of gastropoda appears. It seems, however, that this fauna is only 
loca.lly developed as I did not observe it at either Sur Kach, Shingan or 
Shaigula, but it may be that unaware of its peculiar mode of occurrence I 
may have overlooked it at these localities. It is certainly not present in the 
section at Toiwar, and as at Tanishpa it occurs in patches only. 

At the above mentioned locality I recognised the following species 
Area kurachensis, 

Pecien houei. 


Ostrea lingua, 

Turritella angulaia, 

>2 sulfas data, 

Vicarya vemeuilli. 

Cerithtum rude (this is really a new genus). 
M pseudocorrugaium, 

99 sulirochleare (this is a Vicarya) . 


. ^ succeeds an enormous thickness 

of unfossiliferous sandstones and clays which gradually assume a reddish 
colour. Near Tcesar, at the gorge of the Toi-river, a conglomerate occurring 
almost at the top of this series was found to contain a large number of bonf 
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fragments, and though I collected a large quantity, there was not a single 
^cimen which was well enough preserved to allow of identification 
The bones were rolled, broken, but some of the fragments were of large size 
According to our present state of knowledge, these ossiferous strata should’ 
be considered as belonging to the pliocene Siwaliks, and in that case we affain 
expenence the same difficulty as before, namely, as to where to draw the 
boundary between miocene and pliocene? There is no break indicating an 
unconformity, as there is an uninterrupted series of beds gradually leadine' 
up from the marine miocene to beds containing a terrestrial fauna iust a? 
has been observed in Burma. * 

There can be no doubt that a break exists between the TChirHia,- Spin_ 
tangi, upper eocene) of Harnai and the Siwaliks, as the whole series froia 
the Nari to the Gaj is either not developed in that part of Baluchistan, or, if 

originally present, has subsequently been denuded away. * ’ 

I may be able before long to embody these views in a special paper, but 
much will have to be done, as for instance a monograph of the Foramini’fera, 
specially of the Nummulites of the eocene period, before more than a mere 
pccliminaiy note can be given. 


Baluchistan Desert. 

The Agent to the Governor General and Chief Commissioner of Baluchi- 
c. . , „ Stan having expressed a desire that the party of the 

an issioH. Political Officer at Chagai should be accompanied by 
a geologist during his usual cold weather tour through the district and up to 
the Seistan frontier, Mr. Vredenburg was instructed to proceed to Q uetta and 
to join Captain Webb-Ware's party. 

The march of the “ Mission did not offer many opportunities of enlarg- 
ing our knowledge of the geology of that country ; Mr. Vredenburg was 
seldom permitted to do more than keep to the line of march, but neverthe- 
less he managed to connect his observations and in the following short report 
he gives a summary of what he has seen. He is still in the neighbourhood of 
Nushki, but will shortly return to head-quarters. 

While accompanying the Political Assistant!s tour in the district of 
Mr. E. Vrkdenburg. Chagai and adjoining territories, I have had th© 
Area examtneda Opportunity of examining geologically part of the 

desert of north-western Baluchistan, and eastern Persia included within 
the parallels 28° 30' and 30® N, and the meridians 60® 30 and 66° E. 
Two types of physical features are represented in this region : there are 
Physical features, ranges of highly folded strata running in parallel 
ridges, and lower-lying tracts either quite level or occupied by hills of moder- 
ately disturbed rocks and somewhat irregular structure. If a a»a of 

£ 2 
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Baluchistan be examined, it willie noticed that just north of the latitude of 
Kelat, the mountainous region consists of a highly folded series of very 
closely set parallel ranges with a nearly north and south strike, extending 
from the Indus alluvial plain up to the desert at Nushki, over a breadth of some 
ninety miles. South of the latitude of Kelat, the ranges diverge in a 
sheaf-like manner, the outer ones to the east preserve a nearly southerly 
strike and become the Sind mountains whose geology has been described by 
Mr. Blanford (Mem. G. S. I., Vol. XVII) ; the more western ranges assume 
more and more a south-west and dually a westerly direction. In the case of 
the innermost ridges, the south and westerly trend is so pronounced from the 
Immediate neighbourhood of Nushki, that they soon become separated from 
the rest of the group by broad intervening deserts and stand out as completely 
independen t ranges. The innermost range forms alow line of heights separated 
from the next range to the south by the gradually broadening plain that 
extends from Nushki towards Dalbandin (Lat. 28“ 52', Long. 64° 25')- 
South of Chagai it rises into the conspicuous Chappar hills west of which 
us stracture becomes confused, and it is gradually lost beneath alluvial 
deposite. The next range forms an important system of hills several peaks 
of which rise to heights exceeding 9,000 feet ; it runs in a west-south-west 
direction between the Nushki-Dalbandin depression just mentioned and the 
broad desert plain of the Kharan Khanat. Its altitude decreases westwards 
and its last prolongations sink beneath the alluvium of the Mashkhel plain. 
But to the north-west of the Mashkhel, the folded ranges once more rise 
above the recent surface deposits, their trend being now north-westerly. At 
first they cover a very broad area, the ranges are low, the strata presenting 
gently undulating dips ; broad plains like the Tahlab valley and the Dasht- 
i-Tahla,bseparatevarious groups of ridges from one another. But gradually 
the plains become narrower and the ranges are drawn more closely together, 
gaining in height, while at the same time the disturbance of the rocks in- 
creases. Lastly, towards Koh-i-Malik Slab at the western extremity of the 
area visited, the disposition of the numerous parallel ranges recalls once more 
the structure of the Nushki hills. 

These mountains encircle the southern margin of an immense low-lying 
uea extending into Afghanistan, whe re it includes the salt swamps of Gaud- 
i-Zirreh, the great desert of Registan, and the plain of the Helmand. All 
these low-lying regions are covered with recent alluvial deposits of varying 
degrees of coarseness, which usually conceal the underlying rocks. Here 
and there, however, they are exposed in low hills, usually flat-topped, whose 
nearly undisturbed strata are in marked contrast vrith the highly folded and 
altered rocks of the region of regular parallel ranges. Hills such as those 
near Tozgi (Lat. 29 5 , Long. 6a® 20*), and those west of Chagai, although 
they rise well above the plain, belong in reality to those low-lying tracts by 
their structure and by their mode of disturbance. Here and there they rise 
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Into continuous ridges owing to a locally well marked dip, but nowhere is 
Disiurhance. Strike regular enough to give rise to a definite 

range. The rocks show sometimes a certain amount 
of jointing, but neyer any extreme disturbance, while where the parallel 
ranges are very close set, as near Nushki and near Koh-i-Malik Siah, slaty 
cleavage is developed to such an extent as to completely disguise the char- 
acter of some of the rocks. 

The great northern depression and also the smaller desert plains which 
further south separate the mountain ranges from one another, must be re- 
garded therefore as areas of minimum disturbance, portions which resisted 
folding at the time when the mountains were upheaved ; they are moreover in 
many cases real areas of subsidence. This is well shown by the structure of 
the mountains in their neighbourhood ; they exhibit in a marked degree the 
“ scaly structure ” which has been so often described in the case of the Alps 
and Himalayas, and there are numerous examples of thrust planes and over- 
folds, the thrust being always towards the low lying area, whether that be 
north or south of the mountains. If all the ranges as far south as the Mekran 
coast be regarded as one system of mountains, it is probable that, as in the 
case of the Himalayas, the force which has folded them acted along a north 
to south direction ; but when a depressed area occurs in the midst of the 
mountainous region, the folded rocks of the northern margin of the range 
south of it are found to have yielded towards the plain in a northern direction. 
Thus, iu those ranges which I have had the opportunity to study, rising be- 
tween two depressions, for instance the Saindak ranges bordered by the 
Mirjawa plain to the south west, and the Gaud-i-Zirreh depression to the 
north-east, the range assumes a very regular and symmetrical structure ; along 
either margin of the range the strata thrust over the edges of the subsided 
areas, dip inwards ; slaty cleavage becomes gradually more and more pro- 
nounced towards the central axis where the cleavage planes become quite 
vertical. 

The contrast which exists between the structure of the parallel ranges and 
that of the low lying districts does . not find its 
counterpart in any difference of the rocks occurring 
in them. In either type of country the strata observed are exactly the same ; 
the rocks most commonly met with are sub-marine volcanic tuffs accompanied 
by limestones and shales, which Mr. Griesbach has identified with the flysch of 
Europe (Mem. G.S.L, Vol. XVIII, part i).. As in Europe, they belong partly 
to the upper cretaceous and partly to the lower tertiary ; in some places they 
are conformably overlaid by strata containing a typical eocene fauna, while at 
other times they are found interbedded with limestones containing hippurite» 
and ammonites. * In several sections these rocks pass gradually into an under- 
lying set of shales and sandstones that contain no volcanic material ; no dis- 
tinct fossils have been observed in them, but as the sequence appears per- 
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fectly conformable, it is probable that these strata are not older than creta- 
ceous. The flysch strata are generally so much disturbed that it is not possi- 
ble to estimate Mcurately their thickness; judging from the importance of 
the bills which they constitute, it must be great, probably several thousands of 
feet. The eocene is represented by a considerable thickness of shales asso- 
ciated with fossiliferous limestone bands, overlaid by a great mass of nummuli- 
tic limestone. These rocks appear to bear a great resemblance to the Khirtar 
and Lovrer Khirthar of Sind and south-east Baluchistan as described by Mr. 

frequently happens that the 
shales have been affected to such an extent by tangential pressure, that they 
assume the facies of palaozoic slates, and were it not for an occasional lime- 
stone band in which nummulites have been preserved, it would be diflScult to 
realise that the rocks are tertiary. 

Outcrops of all the rocks above mentioned-the flysch and the sedi- 
ments underlying and overlying it-occupy areas of variable size through- 
Siwaliks, out the district examined, according to the disposition 

. synclines and anticlines. The only strata that are 

restricted to partcular regions are the Siwaliks : these occur along the margin 
of Ae desert plains in ^neighbourhood of the tall ranges of older rocks- 
as in Ae case of Ae Himalayas, Aey usually dip mwards, Aat is towards the 
range which they fringe, the dip being therefore southerly where they occm- 
along the southern edge of a plain. They consist of conglomerates, sa ndstone 
and clays, often bright coloured, with veins of calcite and gypsum; Aey 
differ but httle, except by Aeir high dips, from the recent undisturbed allu- 
vium Aat overlies them. The recent deposits often attain a consider- 
able thickness, nsing into terraces disposed in successive steps of remarkable 
repltmty. Considering Aat the whole region is an area of closed drainage, 

It IS difficult to ieg«d these terraces as representing Ae former level of the 
enttre land, gradually removed by denudation as in the case of the rivor- 

gravel terraces of regions draining into the sea ; those of the Mashkhel drain- 
age ^ea occur in such close proximity to Ae “ Hamun," the lowest level at 

which any seAment ran be deposited that it would be difficult to explain where 
the denuded maten^ have been removed to. The nature of the deposits 
themselves implies Ae existence of climatic conditions extremely different 
torn those that prevail at the present day, and before dessication had gra- 
drally converted the whole region into a desert, Ae rivers probably supplied 
sufficient water to form important lakes. The altimde reached thL by the 
watexabovewhatiBnowthedriedupbed of Ae Hamun, would have been 
the lowest level at which any nvers could have deposited any coarse-grained 
seAment, and the successive steps of the terraces would correspond to gra- 
dually lower surface levds of the dwindling lakes. ^ ^ 

Tht numerous igneous rocks, many of which have already been described 
by Lieut-General C. A. McMahon (Quart. Joum. Geol. S^VvoJ LIH, p 
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•489) and by Capt. A. H. McMahon, C.S.I., C.LE. (ibid), and by Mr. Holland 

Igneous focks (Rec, Q,S.I., XXX, p. 125) belong to three distinct 

periods. The oldest ones are volcanic, forming the 
basaltic and andesitic tuffs and laVas of the flysch period, already noticed. 
The large granite and diorite intrusions forming the peaks of the Kas Koh 
(Lat. 28°5 o', Long. 65°! 5'), Malik Naro (Lat. 29^20', Long, 63°2 9'), Lar 
Koh (Lat.29®45', Long. 6o°56'), Koh-i-Khwaja-i Misk (Lat 2 9° 15', Long. 
6 o° 5 5') and many other mountains are probably of upper eocene age; they 
have been intruded into the newest nummulitic strata, but. they are older 
than the Siwaliks which contain rolled pebbles derived from them. The 
granites and diorites are so intimately associated that it is not possible"'^ to 
make out which is the older of the two ; they appear to have been intruded 
simultaneously. The latest rocks of platonic series are narrow branching and 
anastomosing basic dykes running through the granite and into the sunound- 
ing sedimentary rocks. 

The newest igneous rocks are again a volcanic series ; they are mostly 
andesites, and, both as lavas and subaerial tuffs, constitute a number of 
recent and sub-recent volcanoes, the largest of which is the Koh-i-Taftan, 
Owing to the limited time at nay disposal, I only examined the northern 
portion of this mountain ; if the volcanic deposits extend to as great a 
distance south of the summit as they do on the northern side, they must 
cover a superficies with a diameter of no less than twenty-five miles. The older 
eruptions were mainly explosive, the latter ones entirely effusive; the centre 
of eruption has never shifted to any considerable extent, thus giving rise to 
a very regular cone of striking beauty. Great masses of vapour visible from 
a distance of many miles constantly rise from the summit of the cone ; there 
are numerous fumaroles along its southern slopes.^ The Koh-i-Sultau is an- 
other andesitic volcano, but it has long been extinct ; instead of a single centre 
of eruption, there are three foci placed along a straight line, from which 
three overlapping cones were formed, now greatly ruined by denudation. 
The phases of activity have been much the same as in the case of the Koh-i- 
Taflan. The earlier eruptions were mostly explosive, forming considerable 
beds of ashes and agglomerates, and were followed by the outpouring of great 
sheets of lava*. The ash-beds and agglomerates have become so much indurat- 
ed that they resist disintegration almost as well as the compact lavas, which 
accounts for the manner in which erosion has carved them into the precipi- 
tous cliffs and peaks that have been described by Captain McMahon (Geo- 
graphical Journal, Vol. IX, p. 392, and Quart. Journ. Geol. Soc., Vol. LIII^ 
p. 289). As in the case of Koh-i-Taftan, the last stage of the volcano was 
that of a solfatara. An area of more than two square miles round the peak 

1 This information was communicated to me by Mr. Wood, of the Persian Telegraph, who 
viated the southern side of the mountain a few months ago. 
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patches further west, show the tuffs an^- 
fevas entoelj trmsformed by the action of mineialising vapours into soft 

naS wtr '^«lliantl7 coloured red and yellow. They aie impreg. 

SuT Ti, ^ I and contain crystallisations of gypsum a^d 

SlI west, reproduces tSe 

mam features of Koh-i-Sultan on a smaller scale. 

two volcauoes have long been extinct, but a number of quite recent 
cones are scattered throughout their neighbourhood. They consist entirely 

bell-shaped masses, very similar in their outline and probably 
th^ mode of form- ;na to the trachytic bosses of the Pay de Ddme type 
The largest is the Koh-i-Dalil (Lat. 20° 8’. Lona 62? 

recent dat^ is Batil Koh on the southern slopes of Koh-i-Sultan : it stands Tn 
the talus of- loose matenals formed by the. denudation of I^oh-i-Sultan in such, 

Very recent also are the deposits of travertine, specimens of which had' 

the r°“^ explorers (Rec. XXX. G.S.I.,p. 129 ) ; 

the carbonate of lime was deposited by springs, now exhausted aSd forms 
terraces similar to those that have been described in other volcank disUiSs 


Calcutta; 
yist March iSgg, 


■ I 

Sga. } 


C. L. GIUESBACH. 
Director, Geological Survey of Indian 
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Appendix I. 

List of Societies and other Institutions from which publications 
have been received in donation or exchange for the Library of 
the Geological Survey of I ndia^ from the ist April x8g8 to. the' 
31st March 18 gg. 

Adelaide. — Royal Society of Australia.. 

Baltimore. — Johns Hopkins University. 

Basel. — Naturforschende Gesellschaft. 

», Schweizerischen Palaontologischen Gesellschaft. 

Batavia. — Kon. Natuurkundige Vereeniging in Ned.*Indie. 

BELFAST.-^Natural History and Philosophical Society. 

Berlin. — Deutsche Geologische Gesellschalt. 

„ K. Preuss. Akad. der Wissenschaften. 

n K. Preuss. Geologische Landesanstalt. 

Berni^ — G eologischen kommission der Schweig Naturforschenden Gesellschaft. 
BoLOOt^A. — R. Accad. delle Scienze dell’ Istituto de Bologna. 

Bombay.— Bombay Branch of the Royal Asiatic Society. 

I, Natural History Society. 

Bordeaux.— *Soci4t4 Linndenne de Bordeaux. 

Boston. — American Academy of Arts and Sciences. 

„ Society of Natural History. 

Breslau. — Schlesische Gesellschaft fur Vaterlandische Cultur. 

Brisbane. — Queensland Branch of the Royal Geog. Soc. of Australasia. 

„ Royal Society of Queensland. 

Bristol. — Museum and Library. 

„ Naturalists’ Society. 

Brussels. — Socidt^ Royale Beige de Geographic. 

,, Acaddmie Royale des Sciences des Lettres et des Beauxarts db 
Belzique. 

Bucharest.— Museului de Geologia si di Paleontologia. 

Budapest. — Kdn. Ungarische Geologische Anstalt. 

„ Ungarische Geologische Gesellschaft 

„ „ National Museum. 

Buenos Aires.— Acad. Nacional de Ciencias. 

Buffalo.— Society of Natural History. 

Caen. — Soci4t4 Linndenne de Normandie. 

Calcutta. — Agricultural and Horticultural Society of India, 

,, Asiatic Society of Bengal. 

,, University of Calcutta. 

„ Editor, Indian and Eastern Engineer. 

Cambridge. — Philosophical Society. 

„ Woodwardian Museum, 

Cambridge, Mass. — Museum of Comparative Zoology. 

Canada.— Hamilton Association. 
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Cassbl. — Vereins fiir Naturkunde* 

Cincinnati.— Society of Natural History. 

Copenhagen.— Academic Royale des Sciences et des Leltres. 
Des Moines.— Iowa Geological Survey. 

Dresden. — K. Min. Geol. und Prsshistorische Museum. 

„ Natufwissenschaptliche Gesells. Isis. 

Dublin. — Royal Irish Academy. 

Edinburgh. — Geological Society. 

„ Royal Scottish Geographical Society. 

)f If ji Society of A.rts. 

Freiburg.— N aturforschende Gesellschaft. 

Glasgow. — Glasgow University. 

„ Philosophical Society. 

Gotha. — Editor, Petermann's Geog. Mittheilungen. 
GSttingen. — Konigl. Gesells. der Wissenschaften. 

Halifax. — Nova Scotian Institute of Science. 


Hall. — Academia Caesarea Leop. Carol. Mat. Curiosonim. 
Indianapolis. — Indiana Academy of Science. 

Konigsberq.— K5nig. Physikalische Okonomische Gesellschaft* 
La Plata. — Museo de La Plata. 

Lausanne — Socidtd Vaudoise des Sciences Naturelles. 
Lawrence. — Kansas University. 

Leeds.— Yorkshire College. 

Leipzig. — K6n, Sach. Gesells. der Wissenschaften. 

„ Vereins fur Erdkuiide. 

LifeGE.— Sod4t4 Geol, de Belgique. 

Lille.— Geologique du Nord. 

Lisbon.— Section des Travaux Geol. du Portugal. 

Liverpool.— Geological Society. 

„ Literary and Philosophical Society. 

London.— British Museum (Natural History). 

„ Geological Society. 

t, British Association for the Advancement of Science. 

„ Geological Survey of the United Kingdom, 

f. Iron and Steel Institute. 

„ Linnean Society. 

„ Royal Geographical Society. 

„ „ Institution of Great Britain. 

„ „ Society. 

„ Society of Arts. 

,1 Zoological Society. 

,1 Imperial Institute. 

Macon.— L* Institut Colonial de Marseille. 

Marseille. — Faculte des Sciences. 

Madrid.— Sociedad Geografica de Madrid 
Manchester.— Geological Society. 

Literary and Philosophical Society, 
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Melbourne. — Australasian Institute of Mining* Engineers. 

„ Dept, of Mines and Water-Supply, Victoria. 

Geological Survey of Victoria, 

„ Royal Society of Victoria. 

Mexico.— Institute Geologlco de Mexico. 

Milan.— S ocidta Italiana di Scienze Natural!. 

Moscou. — Socidtd Imp. des Naturalistes. 

Munich.— K6 nig. Bayerische Akad. der Wissenschaften. 

„ Koniglichen Sternwarte (zu Bogenhausen). 

Naples. — Seale Accademia delle Scienze Fisiche e Matematiche. 
Newcastle-upon-Tyne. — North of England Institute of Mining and Mecha- 
nical Engineers- 

New Haven. — Editor, American Journal of Science. 

New York..— A cademy of Sciences. 

„ American Museum of Natural History. 

Ottawa. — Geological and Natural History, Survey of Canada. 

ParI. — Museu Paraense de Historia Naturalle Ethnographia. 

Paris. — Department of Mines. 

„ Editor, Annuaire Geologique Universel. 

„ Ministere des Travaux Publics. 

„ Museum d* Histoire Naturelle. 

„ Soci^t^ de Geographic. 

„ „ Geologique de France. 

Penzance. — Royal Geographical Society of Cornwall. 

Perth.— Geological Survey, Western Australia. 

Philadelphia — Academy of Natural Sciences. 

„ American Philosophical Society. 

„ Franklin Institute, 

„ Wagner Free Institute of Science. 

Pisa.— Societa Toscana de Scienze Natural!. 

Pretoria.— State Mining Department, 

Rio-de-Janeiro.— Imperial Observatory. 

Rome.— Reale Accad. dei Lincei. 

„ „ Comitato Geologico d’ Italia. 

„ „ Societa Geologica Italiana. 

Salem. — American Association for the Advancement of Science. 

„ Essex Institute. 

San Francisco. — California Acad, of Sciences- 
Singapore.- Straits Branch of the Royal Asiatic Society. 

Shanghai. — China ditto ditto, 

Stocrholm.— Kong. Svenska Vetenskaps Akademie. 

St. Petersburg. — Acaddmie Iraperiale des Sciences. 

„ Comit^ Geologique. 

„ Musde Geologique de Y Universite Iraperiale, 

„ Russ. Kaiser. Mineralogische Gesells. 

Sydney.— Australian Museum. 

„ Geological Survey of New South Wales. 
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Sydney.— Linnean Society of New South Wales. 

„ Royal Society of ditto. 

Taipino.— Perak Museum. 

Tokio.— Collegfe of Science, Imperial University. 

„ Deutsche Gesellschaft fur Natur-und Volkerkunde-Ostasi ens* 
Toronto.— Canadian Institute. 

Turin.— Osservatorio della R. Universita. 

„ Reale Accad. delle Seienze. 

Upsala.— U psala University. 

Venice. — Reale Istituto Veneto di Seienze. 

Vienna.— K. Akad. der Wissenschaften. 

„ K. K. Geog. Gesellschaft 

„ K. K. Geol. Reichsanstalt. 

„ K. K. Naturhistorischen Hopmuseum.. 

W ASHiNOTON.— ’ Smithsonian Institution. 

„ U. S. Coast and Geodetic Survey • 

„ Dept, of Agriculture. 

„ „ Geological Survey. 

„ ,i National Museum. 

,f 9, National Academy of Science. 

Wellington.— Mines Dept, New Zealand. 

„ New Zealand Institute. 

ZURICH.— Naturforschende Gesellschaft. 

The Governments of Bengal, Bombay, Burma, India, Madras, and the 
Punjab. 

The Chief Commissioner of Assam.. 

The Resident, Hyderabad. 


ADDITIONS TO THE LIBRARY. 

From ist April 1898 to 31ST March 18991 
Soois and Pamphlets, etc, 

Alcock, i4.— An account of the Deep-Sea Madreporaria collected by the* 
Royal Indian Marine Survey Ship IriTjestigator, 4° Calcutta, 
r898. 

Beck, Z.— Die Geschichte des Eisens. Band IV, lief 2-4-. 8° Braunschweig, 1898.. 

Berwerth, F.— Mikroskopische Structurbilder der Massengesteine. Lief 3. 
4® Stuttgart, 1898. 

Bogdanowitbch. — Geological Researches in Eastern Turkistan. Part IL 4® 
St. Petersburg, 1892; 

Borchbrs, W., and McMillan, W, G , — Electric Smelting and Refining. 8® 
London, 1897. 

Boulengbr, G.. A. — ^The tailless Batrachtans of Europe:* Part 1 . 8 ® London, 
1898. 

Bromn, H. G. — Klassen und Ordnungen des Their-Reichs — Supplement Band 
III, livr. 11-20, Band IV, livr, 56-58^ and Supplement Band IV,. 
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livr. 5-13. Band V, Abth II, livr. 47-52. Band VI, Abth V, 
livr. 51.53. 8® Leipzig, 1898. 

Brothers, A.— A Manual of Photography. 8® London, 1899. 

Chauvbnet, IV.— Spherical and Practical Astronomy. Vcds. I-II. 8® Philadel. 
phia, 1896. 

Clancby, J. C.— Aid to Land Surveying. Larger Edition (2 copies). Fisc* 
Calcutta, 1882. 

Cole, G.-Aids in Practical Geology. 3rd Edition (2 copies). 8® London, 
1898. 

CoMBLAri, G^., and Davenport, !f.— A New Dictionary of the Italian and 
English Languages. Vol. I, Italian-English, and II, English- 
Italian. 8° Londoh, 1854. 

CossMANN, i/.— Mollusques Eoceniques dela Loire-Infdrieure. Fax. 3. 8® Nantes, 

1897. 

Cox, H* S'.—Prospecting for Minerals— A practical hand-book for prospectors, 
explorers, settlers, and all interested in the opening-up and 
development of new lands. 8® London, 1898. 

Das Tierrbich.— "Eine Zusammenstellung und Kenn^seichnung der rezenten 
Tierformcn. Lief i«4 and 6. 8® Berlin, 1898. 

De Riaz, 'Description des Ammonites des couches a Peltoceras transver- 
sarium. Fol. Lyon, 1898. 

Des Cloizbaox, A , — Manuel Mineralogie. Tome II, fasc. 2. 8® Paris 1874- 
1893. 

Falb, /?.— Gedanken und Studienuber den Vulcanismus. 8® Graz, 1875. 

Pick BUR, .S'. — Matdriaux pour la Carte Gdologique de L* Algeria, 2nd series, 
Stratigraphic Descriptions, Regional es. No. i. 

La Kabylie du Djurjura. 4® Alger, 1891. 

Fooufii, F.— Les Tremblements de Terre. 8® Paris, 1889. 

Gjedicke, y. — Der Gummidruck, No. 10. 8° Berlin, 1898. 

GeibiE} d.— Founders of Geology, 8° London, 1897. 

General Report and Statistics of Mines and Quarries for 1897. Part I, District 
Statistics. Part II, Labour. Part III, Output. Fisc., London, 

1898. 

Godwin-Austen, Land and Freshwater Mollusca of India, including 

South Arabia, Baluchistan, Afghanistan, Kashmir, Nepal, 
Burma, Pegu, Tenasserim, Malay Peninsula, Ceylon, and other 
islands of the Indian Ocean. Vol. II, Parts 7-8, with plates. 
8® and 4® London, 1897-98. 

Goldmann, C. S'.— South African Mines, their position, results and developments, 
together with an account of diamond, land, finance and kindred 
concerns. Vols, I-III, with maps and plans. 4 London, 1895* 
96. 

Grahn, E.— Die Stadtische Wasserversorgung im Deutschen Reiche, soure in 
einigen nachbarlandern. Band L 4® Munchen und Leipzig, 

GfisTHBB, 5.— Hzndbuch der Geophysik. Band 11, lief 7 -io> 8® Stuttgart, 
1893.99. 
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HEDiiT, 5 zftfw.^Throug'h Asia. Vols. MI. S*’ London, 1898. 

Hintz, C-Handbuch der Mineralogie. Band I, lief i. 8® Leipzig*, 1808. 
JATNE, H, Mammalian Anatomy. A preparation for Human and comparative 
anatomy. 8® London and Philadelphia, 1898. 

Jervis, G.—\ Tesori Sotterranei dell’Italia. Parts 3-4. 8° Torino, 1881-1880. 
Lacroix, d.-Mineralogie de la France et de Ses colonis. Vol. I, parts 1-2, and 
II, parti. 8“ 1893— 96, 

Lewis, H. C.— Papers and notes on the genesis and Matrix of the diamond. 
London, 1897. 

Milne, 7, Earthquake and other earth movements. 4th Edition. 8° London. 
1898. 

» Seismology 8® London, 1898. 

Murray, 7. A. /L— A new English Dictionary on Historical Principles. Vol. IV 
(Frank-law-Fyz— Germanizing ) and V. (H— Heel.). 4® Oxford. 
1898. 

Naumann, Carl Friedrich. — Elemente der Mineralogie, 13th Edition. 8® 
Leipzig, 1897-98. 

PoMBL, dr— Paldonto logic Monographies ; — 

Bubalus Antiquus. 

Cam^liens et Cervides. 

Boeufs— Taureau X . 

Les Bosdiaphes Ray. 

» Antilopes Pallas. 

Pi Rhinoceros Quaternaires. 
a Elephants „ 

„ H ippopotames. 

» Elemente der Gesteinslehre, 8° Stnwffar* ,b,.9 
Russell, /. C , — Volcanoes of North America R® isr \r ^ o 

• »• •»> »»■<*.• Vo, 

New Vork, 1897. 

U e Wissenschafthche ergebmsse der reise des 
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Grafen Bela Sz^chenjd in Ostasien, 1877—80. Band II. 4° 
Wien, 1898. 

ThrelpalLi i?. — On Laboratory Arts. 8® London, 1898. 

Trouessart, E, L . — Catalogus Mammalmm. Fasc. I— V. 8® Berolini, 1897- 
1898. 

Trton, G. W . — Manual of Corichology, ist series, parts 66-67, 2nd series 
parts 42-43. 8® Philadelphia, 1897-98. 

Verhandlungen der Kommission behufs Erdrterung von Makregeln zur Hebung 
und Befestigung des Silbertnerths. Band 1 - 11 , 8® Berlin, '1894. 

PERIODICALS, SERIALS, etc. 

American Geologist. Vol. XXI, No. 3, to Vol. XXIII, No. 2. 8° Minneapolis, 
1898-99. 

„ Journal of Science, 4th Series, Vol. V, Nos. 27-30, and VI, No. 32, to 
VII, No. 38. 8® New Haven, 1898-99. The Editor. 

Naturalist, Vol. XXXII, No. 374, to XXXIIl, No. 386. 8® Philadel- 
phia, 1898-99. 

Annalen der Physik und Chemie. Band LXIV, heft 3, to LXVII, heft 2. 8® 
Leipzig, 1898-99. 

Annales de Geographie, Annee VI, No. 30, to VII, No. 35. 8° Paris, 1898. 
Annales de Geologie et de Paldontologie, Lier. 22-23. 4® Palermo, 1897-1898. 
Annals and Magazine of Natural History, Vol. I, No. 4, to Vol. Ill, No. 15. 
8® London; 1 898-99. 

Anntiaire Geologique Universel. Tome XIV- 8® Paris, 1898. The Editor. 
Athencfium. No. 3673—3724. 4® London, 1898-99. 

Beiblatter zu den Annalen der Physik und Chemie. Band XXll, No. 3, to XXII 1 , 
No. 2. 8® Leipzig, 1898-99. 

Beitrage zur Geophysik. By G. Gerland. Band HI, heft 4. 8° Leipzig, 1898. 
Chemical News. Vol. LXXVil, No. 1999, to Vol. LXXIX, No, 2050. 8® London, 
1898-99. 

Colliery Guardian. Vol. LXXV, No. 1942, to Vol. LXXVlI, No. 1993. Fol. 
London, 1B98-99. 

Geographische Abhandlungen, Band VI, heft 3. 8® Wien, 1898. 

Geological Magazine. New series, Decade IV, Vol. V, No. 4, to Vol. VI, No. 3. 
8® London, 1898-99. 

Indian and Eastern Engineer, New series, Vol. II, Nos. 4— and IV, Nos. 1-3- 
4® Calcutta, 1898-99. 

Industries and Iron, Vol. XXIV, No. 1314, to Vol. XXVI, No. 1365. 4® London, 
1898-99. 

Jahrbuch der Astronomie und Geophysik. Herausgegeben von Dr. Hermann 
J. Klein. Jahrgang VlII. 8* Leipzig, 1898. 

Journal de Conchyliologie, Vol. XLV, Nos, 2— 4, and^XLVI, No, i. 8° Paris, 
.1897-1898. 

Journal of Geology, Vol. VI, Nos. 1—8, and VII, No. i. 8® Chicago, 1898-99. 
London, Edinburgh, and Dublin Philosophical Magazine. Vol, XLV, No, 275 to 
Vol. XLVI, No. 286. 8® London, 1898-99. 
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MSneralogical Magazine. Vol. XII, No. 54. 8° London, 1898. 

Mining Journal. Vol. LXVIII, No. 3264, to LXIX, No. 3315. Fol. London, i8^S- 

Nd.tural Science. , XII, No. 74, to Vol. XIII, No. 85. 8° London, 

Nature, Vol. LVII, No. 1481, to Vol. LIX, No. 1532. 8® London, 1898-99. 
Neues Jahlrbuch fur Mineralogie, Geologic und Palaeontologie. Jahrg. 1896. 

Band II, heft 3 ; 1898, Band I, heft 2-3 ; II, heft 1-3, and 1899, 
Band I, heft 1-2. 8° Stuttgart, 1896 and 1S98-99, 

. „ Beilage — Band XI, heft 3, and XII, heft 1-2. 8° Stuttgart, 1898-99. 
Palaeontographica. Band XXX-, lief 2, X LI V, lief 5.6 andXLV, lief 1—5. 4® 
Stuttgart, 1897-98. 

Palaontologische Abhindlungen. N6ue Folze, Band IV, heft 2. 4® Jena, 1898, 
Petermann’s Geographischer Mittheilungen. Band XLIV, No. 3, to XLV, No. 2. 
4° Gotha* 1898-99. 

Revue Critique de Pal6ozoologie. Vol. I, parts 1—4, and II, parts 2-3, by M. 
Cossmann. 8® Paris, 1897*98. 

Scientific American. Vol. LXXVIll, No. 10, to Vol. LXXIX, No. 8. Fol. 
New York, 1898-99. 

„ „ Stipplement, Vol. XLV, No. 1157, to Vol. XLVII, No. 1208. Fol. 

New York, 1898-99. 

Tschermak^s Mineralogische lind Petrographische Mittheilungen. Vol. XVII, 
heft 6, and XVIII, heft i — 4. 8° Vienna, 1898-99. 

2 eitschrift fur Krystallographie und Mineralogie. Band XXIX, heft 5-6, and 
XXX, heft I — 6. 8" Berlin, 1898-99. 

„ Praktische Geologic, heft 4, 1898, and heft 1-2, 1899. 8® Berlin, 1898-99. 
Zoological Record. Vol, XXXI V. 8° London, 1898. 


GOVERNMENT SELECTIONS, REPORTS, etc. 

Assam.— Report on the Administration of the Province of Assam for 1897-98. 

Fisc. Shillong, 1899. Chief Commissioner, Assam. 

„ Report on the effect produced by the Earthquake on the Levelsj 
Drainage, and Navigation of certain parts of Assam, by Pandit 
Matadin Sukul. Fisc. Assam, 1898. 

Chief Commissioner, Assam. 

Bengal.— Reports on the Administration of Bengal for 1897-98. Fisc. Calcutta^ 
1899. Bengal GovERNMENTt 

Bombay.— Brief sketch of the Meteorology of the Bombay Presidency for 1897- 
98. Fisc. Bombay, 1898. Bombay Government. 

„ Magnetical and Meteorological Observations made at the Government 
Observatoty, Bombay, for 1896. Fisc. Bombay, 1897. 

Bombay Government. 

i, Reports on the Administration of the Bombay Presidency for 1897-981 
Fisc. Bombay, 1898. Bombay Government. 

,, Selections from the Records of the Bombay Government. New series^ 
Nos. 361, 364—366, 370 and 372. Fisc. Bombay, 1898. 

Bombay Government* 
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.Rorma.— R eport on the Administration of Burma for 1897-98. Fisc. Rangoon^ 
*^98- Burma Government*^ 

»r Thirty-First Annual Report of the Light-houses and Light-vessels off- 
the coast of Burma. Fisc., Rangoon, 1898. 

Burma Government* 

Btobrarax); — Report on the Administration of the Hyderabad Assigned Districts 
for 1897-98. Fisc., Hyderabad, 1898. Resident, HyDERASAD. 

India.— Administration Report on the Railways in India. Parts I-Il for 1897-98. 

Fisc*, Calcutta, i89-8« Government op India. 

„ Agricultural Ledger. Nos. 18 and 20 (1897), and Nos. 1—20 (1898). 8® 
Calcutta, 1897-98. Government of I^dia. 

„ Annual Statement of the Trade and Navigation of British India with 
foreign countries and of the coasting trade in the year ending 
31st March 1898. No. XXXII, Vols. 1-2^; 4® Calcutta, 1898. 

Government op India- 


n 
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Civil Budget Esfimates of the Government of India for 1898-1899* Fisc. 
Calcutta, 1898. Government OP India. 

History of Services of Officers holding gazetted appointments in the 
Home, Foreign, Revenue and Agricultural; and Legislative 
Departments, corrected* to ist July 1898. 8° Calcutta, 1898. 

Government op India. 

List of Civil Officers holding gazetted appointments under the Govern- 
ment of India in the Home, Legislative, Foreign and Revenue 
and Agricultural Departments, corrected to ist January and ist 
July 1898, and 1st January 1899. 8°, 1898-99. 

Government op India. 
List of Officers in the Survey and other Scientific Minor Departments 
subordinate to the Government of India in the Department of. 
Revenue and Agriculture, corrected to ist July 1898, and ist 
January 1899.- 8° Calcutta, 1898-99. Government op India* 

List of Officers of the Geological Survey of India, corrected to ist July 
1898 and 1st January 1899. 8®, 1898-99. 

Government of India. 

Meteorological Department- 

Administration Report, 1897-98. 4® Calcutta, 1898. 

India Weather Review— Annual Summary, 1897. 4° Calcutta, 
1898. 

Indian Meteorological Memoirs. Vol . VI, part 4, and X, part 
I. Fisc* Calcutta, 1898-99, 

Monthly Weather Review, December 1897 to November 1898k 
4® Calcutta, 1898-99. 

Rainfall Data of India, 1897. Fisc., Calcutta, 1898. 
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India**— R eport on the Administration of Andaman and Nicobar Islands for 

1896- 97 and 1897-98. Fisc., Calcutta, 1898. 

Goverkmevtt of India* ' 

„ Report on the Natural History Results of the Pamir Boundary Commis- 
sions. Fisc., Calcutta, 1898. Government op India* 

„ Report on the Proceedings of the Pamir Boundary Commission, 1896. 
Fisc., Calcutta, 1897. 

„ Selections from the Records of the Government of India, Foreign Depart- 
ment, Nos. 351, 3$7, 359-360, 363, Fisc., Calcutta, 1897— 
1899. Government of India* 

Madras.— Administration Report of the Madras Government Museum for 1897-98* 
Fisc., Madras, 1898. Madras Government* 

„ Annual Administration Report of the Forest Department, Madras 
Presidency, for 1896-97. Fisc., Madras, 1898. 

Madras Government. 

„ Manual of the Coimbatore District, Vol. II. 8® Madras, 1898. 

Madras Government. 

,, Report on the Administration of the Madras Presidency for 1897-9^ 
Flsci, Madras, 1898. Madras Government. 

North-Western Provinces and Oudh.— Minutes of the Managing Committee, 
Provincial Museum, North-Western Provinces and Oudh, 
April 1894 to March 1896. Fisc., Allahabad, 1898. 

Government op the N.-W. P. and Oudh* 

PuNJAB*«»Annual report of the Department of Land Records and Agriculture, 
Punjab, for the year ending 30th September 1897. Fisc., Lahore, 
189^8. Punjab Government. 

„ Report on the Land Revenue Administration of the Punjab for the 
, Agricultural year, 1st October 1896 to 30th September 1897, 
Fisc., Lahore, 1898* Punjab Government. 

„ Final report of the Peshawar District for 1898. Fisc,, Lahore, 1898. 

Punjab Government* 

„ Final report of the revised Settlement of Kangra proper, for 1897. 

Fisc., Lahore, 1897. Punjab Government 

„ Final report on the Settlement of the Seni Kurram, and Teri Tappas. 

and village Darish Khel of the Barak Tappa of the Khattak 
(Teri) Tashil in the Kohat District, 1891—95. Fisc., Lahore^ 
^^96* Punjab Government* 

Gazettes of the Dehra Ghazi Khan District, Revised edition, 1893—97 
8® Lahore, 1898. Punjab Government, 

Report on the Administration of the Punjab and its dependencies for 

1897- 98. Fisc., Lahore, 1899. Punjab Government* 
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TRANSACTIONS, PROCEEDINGS, ere., of SOCIETIES, 
SURVEYS, BTC. 

AoBLAiDB.*~GeoIogicaI and Mining Department of South Australa— 

Record of the mines of South Australia-— 

tEI S. 1 " “y H, Y. L. .8,,. 

Report on explorations in western part of South Australia, by 
H. Y. L. Brown s and also contributions to the Palaontology of 
South Australia, by R. Etheridge. Fisc., i8g8. 

N Royal Society of South Australia— 

Transactions, Vol. XXII, parts 1-2. 8°, 1S98, Geological and 
Mining Department, South Australia. 

Baltimore*— Johns Hophins University — 

American Chemical Journal. Vol. XIX, Nos. 3—10, and XX, 
No. I. 8®, 1897-98. 

American Journal of Mathematics, Vol. XIX, Nos. 2—4., and 
XX, Na I. 8®, 1897-98, 

American Journal of Philology, Vol. XVII, No. 4, XVIII, 
Nos. 1—3, 8°, 1896-97. 

Circulars, Vol. XVII, Nos. 134—138. 4®, 1898. 

Studies in Historical and Political Science. Series XV, 
Nos. 3—5 and 7—12. 8°, 1897. 

Basel.— Naturforschende Gasellschaft— 

Verhandlungen. Band XII, heft i. 8®, 1898. 

,1 Schweiaerischen Palaontologischen Gesellschaft. Abhandluniren. 
Vols. XXIIl-XXIV. 4^,1896-97. 

Batavia.— Kon. Natuurkundige Vereenigingin Nederlandische— Indie.— Tijd- 
schrift. Deel LVII— LVIII. 8° 1898. 

Boekwerken, Jaar. 1897. 8®, 1898. 

Belfast.— Natural History and Philosophical Society- 

Report and Proceedings. Session, 1897-98. 8®, 1899. 

Berlin. Congress Geologiques International, 3rd Session, Berlin, i88«?. 8®, 

i888. 

I, Deutsche Geologische Gesellschaft— 

Zeitschrift. Band XLIX, heft 4, and L, heft i-2- 8°, 1897-98. 
t, Gesellschaft fur Erdkunde— 


Verhandlungen, Band XXV, Nos. 2— 10, and XXVI, No. x. 
8®, 1898-99, 

Zeitschrift. Band XXXH, No. 6, and XXXIII, Nos. 1—5. 
8®. 1898. 

„ Konig. Preussische Akademie der Wissenschaften— 

Abhandlungen, 1897. 4®, 1897. 

Sitzungsberichte, Nos. 1—54. 8^ 1898, 

„ Konig. Preuss, Geol. Landesanstalt— 

Abhandlungen. Neue Folge, heftir, and 26—28. 8^, 1892 
and 1897. 
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Bern,— Geologischen Karte der Schweiz — 

Beitrage. Lief 30, and Neue Folge, lief 36-37. 4*^, iSgS^gTm 
Bologna.— R. Accad. delle Scienze dell’ Istituto di Bologna^ 

Memoire, Sdrie V, Tomo V. 4®, 1895-96. 

Rendiconto. Nuova Serie, Vol, I (1896-97). 8P, 1897. 

Bombay. — Bombay Branch of the Royal Asiatic Society — 

Journal. Vol. XX, No. 54. 8®, 1898^ 
n Natural History Society — 

Journal. Vol. VI II, No. 5’; IX, No. i ; X, No. 2; XI, Nos. 3-5,, 
and XII, No. x 8®, 1894-98. 

Bordeaux. — Societe Linn, de Bordeaux — 

Actes. S^rie V, Tome X. 8®, 1896. 

Bosto>n. — American Academy of Arts and Sciences — 

Memoirs. Vol. XII, No. 4. 4®, 1898. 

Proceedings, Vol. XXXIIl, Nos. 9-27, and XXXIV, No. i. 

1898. 

„ Society of Natural History — 

Memoirs. Vol. V, No. 3. 

Proceedings. VoL XXVIII, Nos. 6-12. 8®, 1897-98. 

Breslau.— Schlesischen Gesells. fur Vaterlandische Cultur. — 

Jahres — Bericht No. 75, and Supplement No. 6. 8®, 1898. 

Brisbane. — Queensland Branch of the Royal Geographical Society of Australa- 
sia. — Proceedings and Transactions. Vol. XIII. 8°, 18996. 

„ Royal Society of Queensland — 

Proceedings. Vol, XU I. 8®, 1898. 

Bristol.— Museum and Library. — Report of the Museum Committee from ist 
October 1896 to 30th September 1898. 8®, 1899. 

„ Naturalists’ Society. — Proceedings. New Series, Vol, VIII, part 3. 8®,. 

^ 1899, 

Brussels. — Societe Royale Beige de Geographic. — Bulletin. 

Annee. XXI, No. 6, and XX 11 , No. i. 8®, 1897-98. 

M Academic Royale des Sciences — 

Annuaire, 1896 and 1897. 8°, 1896-97. 

Bulletin. 3 serie. Tome XXX— XXXIIl. 8®, i89?;-97‘ 

Mdmoires Couronnds. Tome XLV III— L, and LIH— LIV. 8®, 
I 895 - 96 - 

Mdmoires Couronnds et Memoires des savants Etrangers. Tome 
LIV. 4% 1896. 

Regleraenta et documents concernant les trois classes. 1896. 
1896. 

„ Minist 4 re de L*industrie et du Travail — 

Bibliographia Geologica. 8®. 1898. 

La classification decimale de Melvil Dewey. 8°, 1898. 

Liste des Periodiques connpulsds pour I’elaboraiion de la Biblio- 
gragpia geologfica. 8®, 1898^ 

Bucharest. — Museului de Geologia si di Palseontologia — 

Atiuarulii 1895. 8°, 1898. 
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Bt^DAl^EST, — Hung. Nat. Museum .---TerinesEetrajze Fuzetek. 

Vol. XVI, Nos. 1-4, and XXI, Nos. 3-4. 8®, 1898- 
n Kon. Ungar. Geol, Anstalt.— 

Jahresbericht fur 1895. 8% 1898. 

Mittheilungen. Band XI, heft 4-8^ 8®, 1897-98. 
ip Ungar. Geol. Gesellscbaft.—F-oldtani Kdzlony. 

Band XXVII, Nos. 1-12, and XXVIII, Nos. 1-4. 8«, 1897-98* 
Buenos Aires.— Accademia Nacional de Ciencias en Cordoba.—Boletia Tome 
XV, No. 4. 8% 1897. 

Bujfalo.— Society of Natural History.— Bulletin. Vol. V, No. 5, and VI, No. i. 

8^, 1897-98. 

Caen. — Societe Linn, de Normandie — 

Bulletin. S6rie 4, Vol. X, fosc. 3-4, and SSrie 5, Vol. I, fosc. i; 8*= 
1897* 

Canada. — Hamilton Association- 

Journal and Pi-oceedings. No. 14. 8®, 1898. 

Calcutta.— Agricultural and Horticultural Society — 

FVoceedings and Journal* Vol. XI. 8®, Calcutta 1898. 

>, Asiatic Society of Bengal— j 


»» 


f ■ 




91 

• » 


if 


Journal, New 
Series. 




Vol. LXVI, Part II, No. 4. 'v 

„ LXVII, „ I, Nos. 1-3. / 

f> ff •» Ilf .. I-2i f 

.» ». » Illf » 1*2, J 


8", 1898, 


Proceedings. Nos. 3-10, and Extra No. n (1898), and No, | 
(1899). 8®, 1898*99. 

Economic and Art Section of the Indian Moseutn-*- 
Annual Report for 1897-98. 8®, 1898. 

Geological Survey of India — 

Memoirs. Vol. XXVIII, part I. 8®, 1898. 

Title, Contents and Appendix to Palasontologia Indies, Series 
XV, Vol. II. 4°, 1897. 

General Report of the work carried on by the Geological Survey 
of India from ist January 1897 to ist April 1898. 8®, 1898. 

A Manual of the Geology of India. (Economic Geology) By 
V. Ball. Part I, Corundum, by T. H. Holland. 8°, 1898. 
Quarterly Notes, No. 2 (1898), and Nos. 1-3 (1898-99). Fisc, 
1898-99. 

Report of the Inspection of Mines it India for the year ending 30th 
June 1896. By James Grundy. Fisc., 1897. 

Report of the Inspection of Mines in India for the year ending 3tst 
December 1896. By James Grundy. Fisc., 1897. 

Report of the Inspection of the Khost and Shahrig Coal Mines, 1896. 
By James Grundy. Fisc., ifgS. 

Report on the Inspection of the Mayo Salt Mine, Salt Range, Khewra . 
Jhelum District, Punjab, and of the other Salt Mines in the Salt 
Range. By James Grundy. Fisc., 1898. 



82 


Geological Survey of India. 


aV- 


1898. 


Calcutta.— Royal Botanical Gardens— 

Annals. Vol. VIII, parts 1-4. 4®, 1898. 

„ Survey of India Department — 

Notes, March 1898 to February 1899. Fisc., 1898-99. 

General Report on the operations of the Survey of India Depart- 
ment during 1896-97. Fisc., 1898. 

„ University of Calcutta — 

Calendar for 1898. 8°, 1898. 

Minutes for 1897-98. 8®, 1898. 

Cambridge. — Philosophical Society. — 

Proceedings. Vol. IX. parts 8-9, and X, part j. 8®, i8o8-qo. 
Transactions* Vol. XVI^ part 4. and XVII. parts 1*2. a* 1808* 
99 - 

„ Woodwardian Museum.— Annual Report of the Museums and Lec- 

ture-rooms Syndicate. No. 32. 4.®, 1897. 

CaMBRiDOB. Mass. — Museum of Comparative Zoology — 

Annual Report of the Curator for 1897-98. 8°, 1898. 

Bulletin, Vol. XXVII, No. 4. 

XXVIlI,Nos. 4 -s. 

„ XXXI, Nos. 6-7, and 
„ XXXIJ.Nos. I. 

Memoirs, Vol. XXIII, Nos. i. , , 

CASSEL--Vereins fiir Naturkunde, Abhandlungen" uild'^ Berichte. 

XLIII. 8°, 1897-98. 

Cincinnati.— Society of Natural History- 

Journal. Vol. XIX, Nos. 3-4. 8“, 1897-98. 

Copenhagen.— Akademid Royale des Sciences et des Lettres— 

Bulletin, No. 6* 1897 and Nos. 1-5, 1898. 8®, 1898. 

Memoires, 6th series. Vol. VIII, Nos. 5-6. 4®, 1808 

Des Moines. — Iowa Geological Survey ^ 

Annual Report. Vols. VI— VII. 8°, 1897-08 
BAVTZZ^t^NaiurwisseHscha/tlicl^n Sitzungsberichte und 

Vr^zsv^„^Naturm^nsokoftUohen Cesellsohafi Ids. Sitzungsberichte und 
Abhandlungen. Jahr, 1898, Januar bis Juni. 8* 1808. 

Dublin.— Royal Irish Academy- 

Proceedings, 3rd sMies, Vol. IV, No. s. 8®, i8q8 
Transactions, Vol. XXXI, parts i— 6. 4°, 1896-^08. 

List of Members for 1898. 8®, 1808. 

. Edinburgh.— Geological Society — 

Transactions, V6l. VII, part 3. 8®, 1807. 

Rdll for.1897. 8®, 1897. 


4'’» 1898. 


Vols. XLII- 



tr6neral Report /or iSpS-pp, gg 

&AINBCROH. — Royal Scottish Geojfraphical Society— 

Scottish Geographical Magazine, Vol. XIV, Nos. 2.12 and 
Index, and XV, Nos. 1.3. 8°, 1898-00. 
ft Royal Scottish Society of Arts — 

Transactions. Vol. XIV, part 3. 8“, 1897 
FRABXFt;RT.*.M.-Senefcenbergischen Naturforschenden gesellschaft. Abhand- 

2 * and XXIV, heft 3-3. 4* 
Frankfurt-a-Main, 1898. ^ 

F RBiB u Ro. — N aturforscben de Gesel Isch aft— 

Berichte. Band IX, heft 1-3, and X, heft i-'i 8° i8n8 
GLASGOWs^Glasgow University.-Calendar for 1898-90. 8°, 1808. ’ ^ ’ 
u Philosophical Society— 

Proceedings. Vol. XXIX. 8°, 1898. 

Gottingen. — Konigl. Gesellschaft der Wissenschaften— 

Geschaftliche Mittheilungen. Heft i. (1898). 8° 1808 
Mathematisch-Physikalische . Klasse. Heft 1-4 (1898). 8% 

Halifax. — Nova Scotian Institute of Science 

Pr^eedings and Transactions, 2nd series, Vol. II, part 3. 8®, 

Hallb.— K. Leop.— Carol. Deuts. Akad. der Naturforscher. 

Abhandlungen. Band LXVIII — LXIX V „ 

Leopoldina. Band. XXXI 11, No. i. ’ j 4 » 1897.98. 

Katalog der Bibliolhek. Band II, heft 5, 8» 1897. 

Indianapolis.— Indiana Academy of Science— 

Proceedings, 1895—1897. 8“ 1896-98. 

JOHANNESBURG— Geological Society- 

Transactions. Vol. I, No. I ; II, Nos. i-ii j III, Nos, i-ii 
and IV, Nos. 2 and 5-6. 8°, 1896-98. ' 

KoNiGSBERG.-Konig. Phys.-Oko. Gesellschaft.-Schriften. Vol. XXXVIII 
4”, 1897. > 

La Plata . — Mtmo de LaPlaia^ 


Notes preliminaires sur une excursion aux territoires der 
Neuquen, Rio Negro, Chubut, et Santa Cruz. No. i. 8 ®, i8q8 
Revista. Tome IX, page i. 8®, 1898. ‘ 

Lausanne.— Soc. Vaudoise des Sciences Naturelles.— Bulletin, Vol, XXXIII 
No. 125, to XXXIV, No. 129, 8% 1898, 

Lawrence.— Kansas University.— Quarterly. Vol. VII, parts 1-3. 8% 1898. 
loPBKA.-Eighth AnnuamepMt of the Kansas State Inspector of Coal Mines for 

Report of the Board of Irrigation Survey and experiment for i8os and 
1896. 8®, 1897. 

Leeds.— Yorkshire College. — 'Twenty-fourth Annual Report. 8°, 1898. 

.EiDEH.— Geologischen Reichs Museum.— Sammlungen. Band V, heft 5. 8°, 
1898. * 

Leipzig.— K. SSch. Gesells. der Wissenschaften,— Abhandlungen. Band XXIV, 
No. 4— 6. 8°, 1898-99. Bericht uber die Verhandlungen. Nos. 
5"0 (1897) and Nos. i— «; fiSoSL 8“. i8q8. 
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LiiPziG— Vereins ffir Erdkunde.— MitteUungefi, 1897. 8®, 1898 
Lii:oB.-Soci 4 t 6 G6ologique de BeJgique.-Annales Tome XXIV. livr XXV 
livr. 1-2. and XXIV, livr. i. 8». 1897-99. ^ ’ 

LiTTiB.-Soddt^ Geologique du Nord. Memoires. Vol. IV. No a ,«o, 
Annales. Vol. XXIV. 8", 1896. ^ 

LiSBOS.-Travau^ Geologiques du Portugal. -Vertebres Fossils du Portugal- 
Par II.S.&nvag& 4“, 1897-98. Faune CrStacique du Portugal. 
Vol. L Par Paul Choffat. 4", 1898. * 

LiVERrooL.— Geological Society.— Proceedings. Vol. VIII, Part 2 8“ 1808 
LOBDOK.-British Association for the Advancement of Science.- Report of the 67th 
meeting held at Toronto in 1897. 8°, 1898. ^ 

„ British Museum (Natur^ Historyj.-List of the Types and Figured 
^ specimens of Fossil Cephalopoda, by G. C. Crick. 8°, i8g8. 

» Chemical Society. Journal. Vols. LXXIII and LXXIV* No 
to LXXy and LXXVI. No. 435. 8“, 1898-99. ‘ 

» Geologmal Society.— Geological literature added to the Geological 
Socirty’s Library during the year ended 31st December 1897 
8 .1898. List of Fellows for 1898. 8”, 1898. Quarterly Journal," 
Vol, LIV, Parts 2-4, and LV, part 1. 8°, 1898*99. 

'J^ted Kingdom.-Suminary of Progress for 

, Imperial Institute of the United Kingdom, the Colonies and India— 
Report on the Coal supply of India, including results of the 
examination of selected samples from the principal seams (with 
appendix containing Map, Diagrams, and Tables of Results) 
by Prof. Wyndham R. Dunstan. Fisc., 1898. 

,, Imperial Institute, Indian Section.— Annual Report for 1897-98. Fisc., 
1898. 

« Iron and Steel Institute.— Journal. Vol. Lll, No. a (1897), and LIII 
Nft I (1898) 8", 1898. Index, I— L (1869—1896). 8*1898. Rules’ 
and List of Members, 1898. 8“, 1898. 

„ Linnean ^iety.-Joumal. Botany, Vol. XXXIII, Nos. 229-233, 
and Zoology, Vol. XXVI, Nos. 168-171. 8°. 1898. List of 
e lows for 1897-98. 8“, 1898. Proceedings, November 1896 
to June 1897. 8®, 1897. Transactions. Botany, Vol. V., parts 
7-8, and Zoology, 2nd series, Vol. VII, part 4. 4®, 1898. 

»» Palaeontographical Society.— Vol. LII. 4®, 1898. 

« Royal Geographical Society — Geographical Journal. Vol. XI, Nos. 

4 - 6 , XII, Nos. 1-6 and XIII, No. 1-3. Antarctic Explora* 

o Tr . ® ^^ational Expedition, by Sir Clements 

R. Markham. 8®, Pam, 1898. 

” In^itution of Great Britain.— Proceedings. Vol. XV, Part 

n, No,9i. 8°, 1898. 

» Royal ^ety.-Proceedings. Vol, LX! I, No, 383 to Vol. LXIV 
>^^97 98^* Book, 1896-97 and 1897-98. 8®^ 
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LoiiDON.-Society of Arts.-Journal. Vol. XLVI, No. 2365, to XLVII, No. 2416 
8°, 1898-99. ^ 

„ Zoological Society.— Proceedings. Part 4 (1897) and parts 1-2 fi8o81 
8®, 1898. Transactions. Vol. XIV, parts 6-8, and XV, part i. 
4*, 1898. List of Fellows, corrected to 31st May 1898. 8** 

189^* ^ 

MacoNr-L’ Institut Colonial de Marseille.— Annales. Ann&4, Vol. Ill (1896) 
8 I i 8^7* 

Madrid.- Sociedad Geografica.— Boletin. Tomo XXXIX, Nos. 10-13, and XL 
Nos. I — 9. 8®f 1897-98. ' ' 

Manchester.— Geological Society,— Transactions. Vol. XXV. narts 

8®, 1898- * F w 15 21, 

„ Literary and Philosophical Society.— Memoirs and Proceedings 

. Vol. XLir, parts 2.5. 8°, 1898. ^ ' 

Marsbili.e. — F aculte des Sciences.— Annales. Vol. VIII, flsc 5-10. 4®, 1808 

Melbourne.— Australasian Institute of Mining Engineers.— Transactions 
Vols. I-III and V. 8®. 1894-98. ^ 

„ Dept, of Mines and Water-Supply.- Annual Report of the 

Secretary for 1897. Fisc., 1898. 

„ Geological Survey of Victoria.- Progress Report, No. 9. Fisc., 
1898. 

„ Royal Society of Victoria.— Proceedings. New series Vol. X 

, part 2, and XI, part i. 8®, 1898. » • » 

Mexico. — I nsliiuto Geoldgico de M6xico.— Boletin. No. la 4^,1898. 

Milan.— Soc. Italian a de Scierize Natural! — Atti. Vol. XXXVII, Nos. 2-4, 
8°, 1898 99. Memorie. Tome VI. fasc. 2. 4®, 1898*. 

Modena. — Societa Seismologica Italiana. — Bollelino. Vol, HI No 8 to 
IV, No. 7. 8°, 1898. * ‘ ' 

Moscou.— S ociele Imperialedes Naturelistes-— Buletin. Annee, 1897 Nos 
and 1898. No. I. 8®. 1898. ' 

MuNiCH.-KSnig. Bayerische. Akad. der Wissenschaften. Abhandlungen 
Band LXIX, abth. 2. 4®, 1898. Sitzungs berichte. Heft 1-IV. 
8°, 1898. 

„ Koninglichen Sternwarte (zu Boge. hausen).— Neue Annalen. Vol. II I 
4®, 1898. 

Naples.— A ccademia delle Scienze Fisichee Matemetiche.— Rendiconto. Sdrie 
3, Vol. IV, fasc. 3-12. 8®, 1898. 

Newcastle-upon-Tyne.— Federated Institution of Mining Engineers.— Transao 
tions. Vol. XIV, parts 3-4 and Index, and XY, parts 1-2. 
Then continued as : — Institution of Mining Engineers. Transac- 

tions. Vol. XV, parts 3-6 and XVI, parts 1-3 and Indices 
to Names of Authors and Subjects, Vols. I-X. 8®, 1898. 

„ North of England Institute of Mining and Mecha- 

nical Engineers.— Transactions. Vol. XLVI, part 6 , and 
XLVII, parts 1-5, 8^,1898. Borings and Sinkings N,-Z. 8®. 
1898. 
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New Vo rS.— A cademy of Sciences — 

Annals. Index to Vol. IX, and Vol. XI. parts 1—2. 8®, i 8 g 3 » 
Transactions. VoL XVI, 8% 1898. 

—American Museum of Natural History— 

28th and 29th Annual Reports. 8®, 1897-98. 

Bulletin. Vol. IX. 8^ 1897. 

Ottawa— G eological Survey of Canada- 

Annual Report, New Series, Vol. IX. 8°, 1898. 

Para..— Museu Paraense de Historia Natural E Ethnographia— Boletin. Vol It, 
Nos. 1.-3. 8% 1897— 98. 

Paris— Congrfes de Caen, 1894. 

„ — Congrfes de Bordeaux, 1895. 

„ — Sur quelques formes nouvelles ou peu connues des Faluns du Bordelais, 
by M. Cossmann, 8“ Pam., 1894-95. 

„ — Gangr&s de Saint- Etienne, 1897. 

,. —Etude de g&Iogie sur le basin de Paris, Aqueduc-Sgout d'acheres 
et prolongements terrains d’epandages, etc., by M. G. Ramond. 
8°, Pam., 1897. 

„ -Congress Geologique International, 6th Session, Zurich, 1894, with n 
Chronograph Geologique Tableaux. 8®, 1897. 

„ —Congress International des Sciences Geographiques, held at Paris in 
1889. Tome II, 8®, 1891. 

» -Department of Mines—Annales. Tonje IX. livr. i j XII, livr. o. to XI V. 
livr. II, and XV, livr. i. 8”, 1896—99. 

„ -Mlnistere Travaur Publics.— Bulletin des services de la Carte Geo- 
ogique de la France et des Topographies Souterraines. Tome 

X, Nos. 61—63. 8°. 1898.— Memoirs pour servir A’L’explication 
de la Carte Geologique de la France. Etude sur la consti- 
tution geologique de la Corse. Par M. Mentien. 4“ 1897. 

„ —Museum d’Histoire Naturelle-Bulletin. Nos. 6-8. 8°, 1897 
„ -Socidte de Geographie-Bulletin. Tome XVII, No. 4. and XIX, Nos 
8^t*898 ’ Comptes Rendus des Seances.Nos. i-p.’ 

.. -SodeteFr^paideMineralo^^^^^ Tome XX. No. 8, to XXI, 

» — Socidte Geologique de France— 

Bi^etin. 3me Serie, Tome XXV, Nos. 7—9, and XXVI 
Nos. 1—4. 8° 1897-98, ^ -s-AVi, 

Paleontologie. Tome VII, fsc. IV. part 2. . 4<>, 1898. 

Pe!)Za.1)ce.— Royal Geological Society of Cornwall— 

Annual Progress Report for 1897. Fisc., 1898. 
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PfilLADELPHiA.— Academy of Natural Sciences — 

Journal, 2nd series, Vol. X, part 3, 4®, 1896* 

Proceedings. Part 3 (1897) and part i (1898). 8®, 1S98. 

— American Philosophical Society- 

Proceedings. Vol. XXXVII, Nos. 156*157. 8®, 1898. 
Transactions. Vol. XIX, parts 2-3. 4®, 1898* 

„ —Franklin Institute — 

Journal. Vol. CXLV, No. 3, to CXLVII, No. 2. 8® 
1898-99. 

„ —Wagner Free Institute of Science—* 

Transactions. Vol. V. 8®, 1898. 

Pisa. — Soc. Toscana de Scienze Naturali-^ 

Metnorie. Vol. XVI. 4®, 1898. 

Process! Verbal!. Vol. XI, pp. S7~I0I, and XII, pp. ii— rrt. 
8 °. 1898. ^ 

Pretoria.— Report for the year ending 31st December 1896 and 1897, as pre- 
sented by the State Mining Engineer to the Government of the 
South African Republic. Fisc., 1897-98. 

Rio-db-J aneiro.— Imperiale Observatory— 

Anuuario. Anno XIV. 8®, 1897. 

„ — Museu Nacional — Revista. Vol. I. 4®, 1896. 

Rome.— Reale Accadernia dei Lincei— 

Rendiconte^ Serie V, Sems. I, Vol VII, fsc. 5 — 12. 

»> W f» 99 »» 9, I— 12. 

»» w f# If ff VIII, „ I -4. 8®, i898-gQ. 

Rendiconto. Anno CCXCV. 4®, 1898. 

„ — R. Comitato Geologico d’ltalia — 

Bollettino, Vol. XXVIII, No. 4, and XXIX, Nos. 1-2 8® 

1898. 

„ — Societa Geologica Italiana — . 

Bollettino, Vol, XV, facs. 4-5, and XVI, fasc. 2. 8®, 1896-98. 
Salem.— American Association for the Advancement of Science- 
Proceedings. Vol.XLVI. 8^,1898. 

„ — Essex Institute — 

Bulletin, Vol. XXVHI, Nos. 7-12, and XXX, Nos. 1 — 12. 
8®, 1896 and 1898. 

San Francisco.— California Academy of Sciences — 

Proceedings. 3rd series, Vol. I, No. 3. 8®, 1897, 

Singapore. — Straits Branch of ‘the Royal Asiatic Society — 

^ Journal, No. 31. 8®, 1898, 

Shanghai. — China Branch of the Royal Asiatic Society*^ 

Journal. New Series. Vol. XXVII, 8* 1898, 

Stockholm.— Kong. Svenska Vetenskaps Akademiens— 

Bihang. Band XXX III, Nos. i — 4, 8®, 1898. 

Handlingdr. Vols. XXIX— XXX. 4^,1896-98. 
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Stockholm.- K^g. Svenska Vetensfcaps Akademiens- 
Ofversigt. Vol. LIV. 8*. 1897-98. 

Sveriges Geologiska Undersokning— 

St. Pbtirsburo,— Accad 4 ni<e Itnperiale des Sciences 

Bulletin. S 4 rie V, Tome V, Nos. 3—5, VI Nos ^ e vrt 
Nos. t-s. and VIII. Nos. 1-4. ^ ^ 

— Cotnite Geologfique — 

Memoites. Vol. XVI, No. i. 4" 1898 
" “8"'S9?.“ 7th Congress Geologique International. 

— Rtiss.-Kais. Min. Geselischaft— 

Verhandiungen. Serie 2. Vol. XXXV, lief 1-2 g® i 
Systemausches Sach and Namen Register, 1885-1895.^7® 

» — Mus^d Geoi. de I’Univ. Imperiale— 

Sectbn Geologique du Cabinet de sa Majestd. 
Tome II, hvr. 3, and III, livr. i. 8*, 1898. ^ 

Stottoart.— Vereins fur Vaterlandische Naturkunde in Wiirttemberg.— Jahres- 
hefte, Jahr. 54. 8°, 1898. •* 

Sydney. — Austraiian Museum — 

Catalogue of the Australian Birds. Parts i— 2 8® iStx 

Memoirs. Voi. Ill, part 4. S', 1897. 8.1874-98- 

Records. Vol. Ill, No. 4. 8®, 1898. 

Report of the Trustees for 1897. Fisc., 1898. 

» —Geological Survey of New South Wales— 

Memoirs No. 6. Palaeontology. Records. Vol. V, part 4, and 
VI, part t. 4®, 1898. *’ 

» — Linnean Society of New South Wales— 

P®’* 4 , and XXIII. parts 8®, 

» —Royal Society of New South Waies— 

Journal and Proceedings. Vol. XXXI. 8*, 1898. 

^ol. II, parts i-^, 8°. 1897.98. 

Toeio.— College of Science, Imperial University— 

Journal. Vd. W, part 35 X. part 3 ; XI, part ., and XI I. parts 
” -D®“tschen Geselischaft fur Natur-und V 61 kerkunde Ostasiens— 

Proceedings, New Series, Vol. I, parts 4-5. 8® 1808 
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Turin.— O sservatorio della R. Universita di Torino — 

Osservazioni Meteorologiche fatte neli’ anno 1897. 1898. 

„ Reale Accademia della Scienze— 

Atti. Vol. XXXIII, disp.i-iS; and XXXIV, disp. 1-4. 
8®, 1897-98. 

Memorie. and series, Tome XLVII. 4®, 1897. 
llpSALA. — Geological Institution, University of Upsala— 

Bulletin. Vol. Ill, part II, No. 6. 8°, 1898. 

Venice. — R. Istituto Veneto di Scienze, Lettre ed Arti — 

Atti. S 4 rie VII, Tome LVI, disp. 4 — 9; and Supplement, 
Tome LVI I. 8®, 1897-98. 

Vienna. — K. Akad. der Wissenscbaften— 


Denkschriften. Band LXIII— LXIV. 4®, 1896-97. 


Sitzungsberichte, Band 
CV— CVI, 


evil, 


Abth. 

I, 

heft I— 10 

»» 

Ila, 

»9 

I— 10 


115 . 

9f 

0 

1 


Ill, 

99 

I — 10 

•Abth. 

1, 

heft 

1-5 


I ” 


Ua, 

m. 


1—2 » 
1—3 ' 


Register zu den Banden loi bis 105. 8®, 1897. 

„ K. K. Geographischen Gesselschaft-— 

Mittheilungen, Vols. XIV— XVI and XL. 8®, 1871—74, and 

1897- 

„ K. K, Geol Reichsan stale— 

Jahrbuch. Band XLVII, heft 3-4, and XLVIII, heft 1. 8'' 
1898. 

Abhandlungen. B?.nd XVII, heft 4. 8°, 1897, 
Verhandlungen. Nos. i— 18. 8°, 1898. 

,, K. K. Nat. Hist. Hofmuseums — 

Annalen. Band XII, Nos. l — 4. 8°, 1898. 

W ASH iNGT ON. —Congress Geologique International, 5th Session, Washington 
1891. 8% 1893. 


Smithsonian Institution— 

Smithsonian Contributions to Knowledge, No. 1126. 4”, 1898. 

„ Miscellaneous Collections, Nos. 1084, 1087, 1090, 
1093 and 1 125. 8°, 1897-98. 

The Smithsonian Institution, 1846-1896. 

The History of its first-half century by George Brown Goode. 
8°, 1897. 

United States Coast and Geodetic Survey — 

Reports, Parts MI, 4”, 1897. 

United States Department of Agriculture — 

Bulletin, Nos. 9—11. 8°, 1898. 

Report of the Secretary for 1898. 8®, 1898. 
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WiSBiNOTOM.— United States Geolog'ical Survey- 

Bulletin. Nos, 87, 127, 130 and 135—148. 8*, 1806-07. 
Monographs. Vols. XXV-XXVIll, with Atlas. Fol. and 4“ 
1896-97. ^ *■ 

M United States National Museum- 

Proceedings. Vol. XIX. 8®, 1897. 

Report for 1895. 8V1897. 

It National Academy of Science- 

Memoirs, Vol. VII. 4° 189s. 

Wellington.— New Zealand Institute- 

Transactions and Proceedings. Vol, XXX. 8®, 1897. 

» Mines Department, New Zealand— 

Thirty-first Annual Report of the Colonial Laboratory. 8®. 
1898a 

Yo Ko H AM Aa— Seismological Society— 

parts 1—2, and XV— XVI. 

o » 1087—92. 

Zurich.— Naturforschende Gesellschaft 

Neujahrsblatt. C, 4“, 1898. 

Vierteliahrsschrift. Band XLII, heft 3—4. 8®, 1898. 


A A 

ADELAiDR.-Geological Map of the Northern Territory of South Australia, on 20 

miles to 1 inch, by H. Y. L. Brown, Government Geologist. 

JP Ola I 898. 

BERLiN.-Carte Geologique Internationale del’Europe. livr. Ill, containing 

BucHaREST.-Bl|odu' G'^logSuiSaL^ G^;iogi;a° GeL'^laTkomad^ 

Sheets 44. — ^47. PoI. 

BuDaPBST.—Hungarian Geological Institute— 

GeologischeSpecialkarte der Lander derung Krone Umge- 
bung von Marmarmos-Sziget. Zone 14, Col. XXX. i : 75, <^0. 
rol.j 1893* 

GoTHA.-Tektonische Karte (Schollen Karte) Sudwestdeutsch lands. Bl. 1-4 
1^500,000. Fol., 1898. ^ 

HELsiNGFoss.-Fin^nds Gwlogiska Unders5kning suomen Geologinen Tukti- 

P.nic M- • #. 32—33- 1 : 200 , 000 . Fol. 1894. 

PARis.-M.n.stere des Travaux Publi^Carte Geologique de la France des 

-if '^«*"** Limoges, 

Pru-pb r. 1 Montpellier. i : 320.000. Fol., 1897. 

Perth.— Geological Survey, Western Australia— 

°r-K?M Northampton, and Coollie Coal-field, by A. 

Gibb Maitland. Fol., 1898. ^ 
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Appendix II. 


The Inspector of Mines in India. 

I have to report that the number of mines inspected during the calendar year 
r 4 1898 was forty-four. The Inspector of Mines has sub- 

f. James run y. mitted his report to me in MS., from which it appears 
that no practical results can be hoped for until legislation has been passed which 
will compel mining companies to furnish reports to Government at stated 
periods. 


Calcutta ; 

The 3i$i March i 8 gg 



C. L. GRIESBACH, Director. 

Geological Surrey of India, 


G. 1 . C. P. O.— No. sD* G. Survey.— 11-6-99.— SCO. 
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1. R. D. Oldham, A,R.S-M., F.G.S., on furlough from nth July i 899 » 

2. Tom D. LaTouche, B.A,, privilege leave for 3 months, availed of from 19th 

April 1900. 

3. C. S. Middlemiss, B.A., also Curator from ist to 30th April 1899, vice Dr. 

T- L. Walker. 


Deputy Superintendents. 

1. P. N.Bose, B. Sc. (London), F.G.S., on privilege leave from the 15th May to 

the 29th June 1899. 

2. T. H. Holland, A.R.C.S., h.G.S., also Curator from ist May 1890, vice 

Mr, Middlemiss, and Officiating Superintendent from 6th July 1899, vice 
Mr. R. D. Oldham. 

3. P. N. Datta, B. Sc. (London), F.G.S. 

4. F. H. Smith, A.R.C.S. 


Assistant Superintendents. 

1. H. H. Hayden, B.A , B.E., also Officiating Deputy Superintendent from 6th 

July 1899, vice Mr. T. H. Holland, 

2. E. Vredbnburg, B.L., B. Sc. (Paris), A.R.C.S. 

3. T. L. Walker, M.A. (Kingston), Ph. D. (Leipzig), confirmed in the grade 

from Sth May 1899. 

4. A, Krapft von Dellmensingen, Ph. D. (Vienna). Passed the examination in 

Hindustani by the Lower Standard on ist May 1899. 
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Fritz Nobtlino, Ph.D. (Berlin), F.GLS. . 
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1. 'G. A. Stonier, A.R.S.M., F.G.S., appointed by the Secretary of State for 

India as Specialist in Mining and Metallurgy for 5 years, and joined 
this Department on 4th October 1899* 

2. Q. F. Reader, F.G.S., appointed by the Secretary of State for India as Coal 

Mining Specialist for 5 years. Arrived in Calcutta on 31st October 1899, 
and joined this Department on 1st November 1899. 

3. F. H. Hatch, Ph. D., A.M.I.C.E., appointed by the Secretary of State for 

India as Gold Mining Expert for one year. Arrived in Bombay 3iat 
March igoo and assumed his duties from that date. 


Sub- Assistants. 

I. Hira Lal, on furlough from tst April to 4th September 1899. 

Kishbn Sing, on privilege leave from 23rd August to 7th October 1899. 


Artist. 

H. B W. Garrick, 


Registrar. 

A. E. MacA. Audsley, appointed Registrar in this Department, from iSth May 
1899. 


Museum Assistant. 

T. R, Blyth, deputed to Paris in charge of Geological Collections. Left 
•Calcutta by B.I. S. N. Co.’s S.S. Goorkha^ on 30th Januaiy 1900. 


Inspbctor of Mines in India. 
James Grundy, 




GENERAL REPORT 

ON THE WORK CARRIED ON BV THE 

GEOLOGICAL SURVEY OF INDIA 

FOR THE PERIOD FROM THE 1ST APRIL 

1899 

TO THE 3 1 ST MARCH 

IQOO. 


Part I.— HEAD-QUARTER NOTES. 

Dlrecim^s Tours, During the twelve monllis under review, j 

made the following tours 

(1) From the 7th June to the slh July 1899 to the Madras 

Presidency to arrange for the survey work to be carried ou 
during the field season 1899-1900. 

(2) From the 5th February to the 20th March 1900 to the Central 

Provinces, Gujerat, Rajputana, and Sind in connection 
with an inquiry into the possibility of obtaining water by 
Artesian borings. 

1 . — Museum and Laboratory. 

Mr. T. H. Holland took charge of the office of Curator on the 
Curator. relieving Mr. C- S. Middlemiss. 

Mr. Holland reports on his duties during the 
past year as follows : — 

With the limited amount of space available in the Museum it 

i!oarrang.u,e«to/ po.ssible in the classified Collection 

spcciraom miho show- of minerals to exhibit only representative speci- 
mens of each type, the cases being altogether 

B 
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too crowdod to represent the known localities for each speciefc?', 
But in connection with the collection of economic minerals it haS' 
always been the aim of the department to make it fully representa- 
tive of our knowledge concerning- the occurrences in India of 
valuable minerals. With the numerous additions which' have been- 
made of late years it was found that the accommodation- originally 
provided was rapidly becoming insufficient, and accordingly arrange- 
ments have now been made for extending the collection along the 
northern recess cases previously occupied by a set of foreign rock 
specimens. The classification originally adopted by Mr. Mallet has- 
been retained, and with the additional accommodation the metallifer- 
ous ores, and minerals which are of value because of the base they 
contain, occupy the northern recesses, whilst the n on-metallic 
products and materials, like mica and corundum, which are of value 
on account of their special physical properties, are exhibited in the 
southern recess cases. The cases containing these minerals have 
been cleaned throughout and the specimens completely labelled. 

The collection of Indian rock-specimens occupying, cases Nos». 
37 in the centre of the gallery have now been arranged in the 
stratigraphical order adopted in the new edition of the Manual of« 
Indian Geology. On account of petrological studies which have been- 
made since the issue of the Manual, we are now able to indicate 
amongst the great complex of crystalline rocks certain formations 
which, though foliated in- conformity with the gneisses around, are- 
regarded as normal, though very ancient, intrusive, igneous rocks. 
The removal of these from the ordinary gneiss groups does not 
disturb the classification adopted by the older workers, for the 
residue of the crystalline schists, and, like somewhat similar forma- 
tions found in other countries, they are retained side-by-side with* 
the two main groups of schists, as they are also very old, and,, 
in default of evidence to the contrary, may be grouped with the 
Archaean. The following are amongst such groups of igneous rocks- 
which have been identified 

(1) The elssolite-syenites, augite-syenites and associated 

corundiferous felspar rocks of the Coimbatore district. 

( 2 ) Thesegirine-granitesand augite-syenites of Salem district. 

(3) Various gneissoid granites,, like the so-called '^dome- 

gneiss’' of Behar, the central granite of Coorg, etc. 

( 4 ) Pyroxene-granulites and graiiuliles distinguished, under 

the name " cliarnockite series.” 
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(5) Anorthosites of- Bengal and norites of Coorg. 

(S) Various ancient basic pyroxenic dykes and lenlicular 
masses- partially or wholly changed to epidiorites. 

In conformity with the system adopted in the Manual the various 
Peninsular intrusives in the gneisses, which are young enough to 
have escaped foliation, are exhibited near the ancient rocks which 
they traverser Of these, one case is devoted to the display of the 
mica-bearing pegmatites, and two others to the exhibition of various 
types of felsites, porphyries, basic dykes and peridotites, which are 
found as dykes and other intrusive masses in the gneisses. 

Selections from the collection, of foreign-rock-specimens have 
been arranged and labelled in 14 cases in the north-west room as 
illustrations of petrographical geology, the series of illustrations of 
physical geology being reserved to the remaining 10 cases in the 
same room. . 

The class, order and generic names have been completely re- 
newed throughout the gallery of tertiary fossil vertebrates, and 
considerable progress made towards renovating the labels throughout 
the Museum. 

Besides the collections made during the previous field season 
by the officers of the department, a number of interesting additions 
have been made during the year. Mr, H. H. Hayden obtained a 
series of specimens and photographs illustrating the manufacture of 
borax in Ladakh. 

Amongst a series of river gravels from the Katha district sent 
by the Burma Government, several colourless topaz crystals were 
detected amongst other gem-sloues. The discovery is of interest 
as the first-recorded occurrence of the mineral topiu in India or 
Burma. Amongst the fragments one was found with faces suflici- 
ently well preserved for determination with the reflecting goniometer. 
The following forms, represented in the wood-cut, were found • 


c 



m (no)') 

/ (130) j 

f (o3i) brachydomc. 

1 (,'u) } 


d (201) macrodonnv 
c (ooi) basal plane. 


E 2 
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From Burma also we have received specimens of anttmonial 
tetrahedrite, tin-stone and wolfram obtained in the Shan States, 
and pebbles of pure rutile obtained by Mr. C, M. P. Wright in the 
Katha district, 

Mr. R, D. Oldham has presented the Department with an interest- 
ing collection of crystalline rocks collected in Ceylon whilst on 
furlough. They include, besides pyroxene-granulites, granulites and 
gneisses similar to those known in the southern districts of the 
Madras Presidency, specimens showing veins of graphite in a 
quartz-felspar rock, the moonstone in its matrix of pegmatite, and 
cipolin with a blue apatite (raoroxite) similar to that occurring in the 
ruby-bearing limestone of Burma. 

A few additions have been made to the collection of meteorites 
by exchange j but the most interesting is a new 
Meiiontcs. meteoric iron found near Kodaikanal on the 

Palni Hills, Madura district, and acquired by purchase through the 
help of Mr. C, Michie Smith, Director of the Madras Observatories. 
This meteorite weighed about 35 lbs. when found, and was covered 
with a coat of rust due to its having, in all probability, been 
exposed for some time to the weather. There is no record of its 
fall, but a large meteor was seen eight years before to burst over 
the Pillar Rocks near Kodaikanal, and it is not unlikely that this 
** iron*^ fell at the time. 

It is found to be composed almost entirely of nickeliferous iron, 
with included irregular mineral masses, measuring sometimes lo 
mm. across. Crystal structures — imperfect Widmanstatten figures — 
are developed by etching the polished surface of the iron with 
dilute acid ; but beyond these tests, which satisfactorily establish 
the meteoric origin of this iron, the specimen has not yet been 
examined in detail. The surface shows the thumb-marks char- 
acteristic of the siderites. 

A certain amount of interest is attached to this find on 
account of the rarity of Indian meteoric irons. Although stony 
meteorites have been found in great numbers, only one other iron 
has been obtained in India, and that was seen to fall near Nidigullum 
(lat. 18° 41' 20"; long. 83° 28' 30" ) in the Vizagapatam district on 
January 23rd, 1870. The Nidigullum meteorite ' weighed 10 lbs. 
only, so the Kodaikanal meteorite, beside being only the second 
Indian iron recorded, is much the larger of the tw^o. 

^ Proc., Asiatic Soc. Beng., 870, p. 64, 
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A considerable amount of time during the year was taken up in 
connection with preparations for the Paris Ex- 
Rxhlbition. hibitiOD to which a collection of specimens, 

maps and photographs have been sent by this 
department* On account of the limited space placed at our dis- 
posal, selections only have been made from the material available for 
the purpose. These have been grouped in the gallery as follows : — 

(i) A collection of rock-specimens from the Peninsula with 
photographs and drawings of rock-sections, illustrating 
the chief types of Archaean crystalline schists and 
the igneous rocks associated with, or intruded into, 
them. 


(2) A collection of minerals of economic value, illustrating the 

resources in minerals used for ornamental purposes, 
corundum, mica, graphite and the principal natural 
compounds of borax, phosphorus, sulphur, strontium, 
barium, magnesium, aluminium, manganese, iron, tita- 
nium, molybdenum, tin, lead, antimony, arsenic, copper, 
and gold. 

(3) A collection of various minerals, mostly presenting charac- 

ters peculiar to India. 

(4) A collection of Gondwana coals. 

(5) A collection of striated and facetted boulders, 

(6) A collection of specimens, maps and photographs illustrate 

ing the geology and resources of the Giridih coalfield 
as a type of the Gondwana coalfields of Bengal. 

(7) A case containing specimens of the flexible sandstone 

obtained from the Punjab. 

(8) A collection of iron-ores and native-made iron and steel, 

together with specimens of the products of the Barakar 
Iron Works which are conducted on European lines by 
the Bengal Iron and Steel Company. Photographs of 
the works and of Native iron and steel makers. 

(9) A collection of specimens showing various forms of laterite 

kankar and other concretionary rocks. 

(10) A collection of rock-salt and associated minerals from (he 

Punjab* 

(11) A collecifion of Burma petroleum and products artificially 

prepared therefrom by the Burma Oil Company. 
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(12) A collection of onc-foot cubes of building stones and a 
series of slabs, carved screens and pillars made from 
rocks used for ornamental and building purposes. 

(13) A collection of maps, diagrams and photographs grouped 
to illustrate certain points in the Geology of — 

[a) the Indian Peninsula, 

(i) the Himalayan region, and, 

(^) the areas lying outside the Peninsula and the 
• Himalayas, 

(14) A collection of memoirs and manuals published by the 
Geological Survey of India and descriptive of the geolo- 
gical results obtained by the Department. 

Several valuable specimens were contributed to the collection of 

exhibits by Mining Companies in India. The following are the prin- 
cipal contributors : — 

■Bengal Coal Coy.^ Ld. — Cubes of coal and specimens of coke from 
the Bengal fields. 

East Indian Railviay Coy., Ld. — Coal, coke rock-specimens and dia- 
grams of the Giridih coalfield. 

Chief Engineer^ Central Provinces.— from different seams in 
the Warora and Umaria collieries. 

Hyderabad [Deccnri) Coy., Coal from the Singareni collieries. 

Bengal Iron and Steel Coy. ^ .Ld. — 'Ore, fuel, and limestone used, 
and various pigs and articles of cast-iron manu- 
factured, in the Barakar Iron-works. 

‘'Burma Oil Coy.^ Various petroleums and manufactured by- 

products. 

Messrs. Ambler & Various slates from the Kharakpur hills. 

Mysore -Geological Department slabs and ornamental stones 
from Mysore State. 

-Commissioner of Coor g.—Cnh^s of Watekolli norite. 

Vizianagram Mining Various manganese ores from the 
Kodur mines, 

^Messrs. F.F.Chrestien & Co.^» Boolcs" of mica and sickle-dressed 
mica of various. colours and grades. 

llndian Mica Coy., Ld. — Various micas from the Bendi mines. 

Messrs. C. A. Macdonald Co. — Mica from the Koderma area, 

Hazaribagh district, 

Messrs. Best & Co . — Mica from the Nellore district. 
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HCoviniisnoner of Northern India Salt Revenue * — Salt and asso- 
ciated minerals from different areas in the Punjab. 
Madras Native-made iron and steel from the Salem^ 

Trichinopoli and Malabar districts. 


The following donations have been made to the Museum during 
■the pdst year 


Donation. 


Auriferous quartz with altaite and chalcopydtc 


Sheets of muscovite, Tellabodu mica mines, Nellore 
district. 

Sheets of muscovite, Biradavole mica mines, Nellore 
district. 


** Potato stone,” Bankura district 


Presented by. 


'Specimens oE serpentine and gabbro from jitream 
bed entering Lamia Bay, Great Andaman Island. 

•Galena from Raksi (23® 59' ; 85“ 1'), Hazaribagh dis- 
trict. 

Slice of tho Tonganoxie meteoric iron. Weight 140 
grammes. 

wSpecimens of mica with inclusions of garnet and 
apatite, Bendi, Hazaribagh district. 

Specimens of apatite, garnet and “ silvery” muscovitcl 
near Beiidi, lla'/^aribagb district. 

•Specimens of corundum in felspar rock, garnets^ 
twinned crystals of muscovite, microcline, chryso- 
beryl, blue apatite and graphic granite from the 
neighbourhood of Padyur and Karutapalaiyain, 
Coimbatore district. 


The Manager, Choukpazat Gold 
Mining Coy., Ld. 

A. Subha Naidu. 

Messrs. Best & Co. 

Raja Sir Sonrindro Mohnn 
Tagore, Kt., C.LE. 

Captain A. R. S. Anderson, 
i.M.S. 

A. Gow Smith, Esq. 

Professor H, A. Ward. 

A. Mervyn Smith, Esq. 

A. Mervyn Smith, Esq. 

Captain H. M. Campbell, R.A« 


'Selenite from near Kharagoda, Rann of Cutch 

'^juartz with epidotc and cubes of Hmonito pseudo- 
morplious after pyrite, from the Murbhanja State, 

Slsih of fuehsite-(iimrt/itf* from hills near Nomakaliu, 
Hcllary district. 

Rolled pebbles of rutile from Mobyniii, ICatlui district, 
Hurnui. 


H. G. Bulkley, Esq. 

Bnbu Tinkari Choudhry. 

Superintendent, Government 
Museum, Madras. 

C. M. P. Wright, Esq. 
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Donation* 


Presented by. 


Mud pellets which fell during a shower of rain in 
Daltonganj district, October 1899. 

Blocks of Magnesite, Chalk Hills, Salem district . 

Triplite, Singar, Gaya district .... 

Elseolite-Syenite from Girnar, Junagar • . , 

Iron-pyrites from the main coal seam, Kuldiha col- 
liery, Giridih coalfield. 

Topaz crystal, from tributary of the Ledaw-chaune. 
Katha district, Burma. 

Specimens of^ moonstone in its pegmatite matrix • 
veins and disseminated scales of graphite in gran- 
ite and quartz; cipolin with moroxite*; pyroxene 
granulite; granulite; biotite gneiss; marble; 
calciphyrej pyroxenite; biotite rock and biotite 
sheets from various localities in Ceylon. 


Meteorological Reporter to the 
Government of Bengal. 

Messrs. Arbuthnot & Co. 

H. M. Hannay, Esq. 

Colonel J. M. Hunter, C.S.I. 

E. Seymour Wood, Esq., F.G.S. 

R* Clarke, Esq. 

I Esqre., P. G. S., 

Geological Survey of India. 


List of Assajys and Examinations made in the Laboratory during 

the past year. * 


Substance and locality. Sender. 


Results of examination. 


A specimen from the Captain F. T C 7 . 

^ Moisture . . 0*56 

Volatile matter . 2*96 

Fixed carbon , 8*04 

. . . 87-54 


Does not coke. Ash, light- 
brown. ** 

Bhatgaon, Bilaspur dent, Geological ^ ompositions : — 
district Survey of India.^ 

A. B. C. 

Insoluble in 51*01 19*21 12*51 

rice. 

7 'li 271 3*21 

Alg O3. 

(J^y 5 * 6 i 1-99 1-15 

dirference). 

X 00*00 100*00 100*00 
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List of Assays and Exatmnaitons made in the Laboratory during 
the past year — contd. 


Substance and locality* 

Sender. 

Results of examination. 

Specimen found in Cen- 
tral India. 

The Reporter on Econo- 
mi: Products to the 
Government of India. 

Asbestos. 

Mineral occurring in the 
mica*bearing ppg- 

xnatiteSi at Tallapad, 
Nellore district 

("‘’•ig)- 

Dr. T. L. Walker, 
Assistant Superinten- 
dent, Geological 

Survey of India. 

Automolite (zinc-alumina spinel) ; 
specific gravity, 4*586, 

Specimen from the Ko- 
hat district. 

R. N. Hodges, Esq., 
Kohat, Bannu Railway 
Survey. 

Gypsum. 

Mineral from the Mica- 
bearing pegmatites, 
Chaganam, Nellore 

district (No. -i 2 ). 

' S 39 '' 

Dr. T.L. Walker, Geolo- 
gical Survey of India* 

Columbite ; specific gravity, 5*748. 

Four specimens from the 
Uenzada district. 

Deputy Commissioner, 
Henzada, through the 
Director, Land Re- 
cords, Burma, and 
Reporter on Econo- 
mic Products. 

1 

1. From Shandaung 5 . W, of Le- 

myethna. Ordinary laterite. 

2. Three miles N, of Pethalet, 
Impure steatite. 

3. Found lying above No, 2. Nodule 

of impure serpentine. 

Eight miles W, of Kyauktaung, 
Decomposed iron-pyrites. 

Specimen from Upper 
Burma. 

Reporter on Economic 
Products. 

Graphite schist. 

Specimen from the Gaya 
district. 

Chevalier 0 . Ghilardi, 
Vice-Consul for Italy, 
Calcutta* 

Triplite. 

Two specimens exam* 
ined for gold. 

G. Barton-Groves, Esq., 
Deputy Postmaster- 
General, Rajputana. 

1. Quartz with specular iron. 

2. Quartz with copper pyrites. Both 

specimens contain traces of gold. 

Specimens of yel low clay 
from Katni, Jabalpur 
district* 

The Under Secretary 
to the Chief Commis- 
sioner, Central Pro- 
V inces. 

Fuller’s Earth. 

Specimen for determina- 
tion* 

R. H. Morton, sq., 
Mai P.O., Jalpaiguri. 

Rock crystal. 
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Zisl of Assays and Examinattons made in the Labor at o^y dn'riiu^ 
the past year — conld. 


Substance and locality. 


Sender. 


Results of examination. 


Two specimetis for Reporter on Economic Iron-pyrites, 
determination. Products. 


Specimen from Bankipur Do. 


Quartz in clay slate. 
Talcose schist. 


Specimen from Bannu, Do. 

Punjab. 

Three specimens from Do. 

the Duars. 


do. Coal with small quantifies of | 

do. 1. Dolomitic limestone. 

2. Calcareous tufa. 


Four specimens for E.B. Manson, Esq,, Offi- 
-detennination. ciating Conservator of 

Forests, Tenasserim 
Circle. 


Specimen said to be W. P. Masson, Esq., 
from Sikkim. Darjeeling. 

Two specimens from M. Hunter, Esq., M.A., 
the Maw State of the F.C.S., Chemical 


Myehat in the south- ' 
ern Shan States, for I 
gold. 


Examiner, 

Rangoon. 


Burma, 


3. Air-slaked lime. 

1. Quartz with pyritc in veins. 

2. Quartz with vesicular pyritc and 

ferrous sulphate traces 

3. Iron pyrites. 

4. Sand containing iron-pyritos, 
quartz, galena and schist frag- 
ments. The hrst two were 
fonnd on assay to contain no 
gold. 

Coal, crushed and showing the usual 
characters of the Darjeeling 
Gondwana coal. 

B. Quarts. Contains visible gold. 

C. Quarts. Quantity received / lb. 
0 os. Yielded on assay no gold. 


Specimen of quartz with B.Houghton, Esq.,C.S., Quantity rcccincd os. Yielded 
pyrites, tor gold. Deputy Commissioner, on assay no gold. 

Katha, Upper Burma. 

Specimens found m the Sergeant W. Wren, Crystals of kyanite in seriate and 
hills adjacent to Simla. His Excellency the chloritic schist. 

Viceroy’s Band," Simla. 

Cement founrl to contain much enr- 
reous cement (rOm C.I.E., Reporter on bonate of lime and of very poor 

lavoy, Burma. Economic Prodjicts quality— structurally weak through, 

to the Government of probably, use of imperfectly burnt 

India, lime. 
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Zist of Assa)sand Examinations made in the Laboratory during 
the past year — contd. 


Substance and locality. 

! 

Sender. 

Results of examination. 

Specimen from Hills 
near Nemakallu, 

Bellary. 

Dr. Edgar Thurston, 
Superintendent, Gov- 
ernment Museum, 

Madras. 

Quartzite with fuchsite* 

Specimen found on the 
banks of the Oubuik- 
win stream near 
Oubuikwin villagei 
close to the Henzi 
basin. 

F. B. Manson, Esq , 
Officiating Conserva- 
tor of Forests, Tenas- 
serim Circle, Rangoon. 

Pyritous sand with pebbles of tin- 
stone (cassiterite). 

Specimen picked out of 
the hill side at Simla. 

A. Richards, Esq., Alli- 
ance Bank of Simla, 
Ld., Simla. 

Pjrite. 

Specimen from Burma. 

Dr. Geo. Wntb Report- 
er on Economic Pro- 
ducts to the Govern- 
ment of India, 

Ar.scnolite' (AsaOj) with small quan- 
tities of Realgar (As S) and Orpi- 
ment (Asa Sa). ' Sp. Gr, 3*69. 

Seven Micro-sections of 
rocks collected during 
the season 1898-99 in 
Raipur, Kanker and 
bustar. 

P. N. Bose, Esq., B.Sc., 
FG.S., Geological 
Survey of India, 

Three slides of altered diabase, com- 
posed of augite partially changed 
to^ hornblende, and secondary 
minerals including quartz, len- 
coxene and cpidote. One rock 
from Lakhimpuri, Kanker State, 
contained micro-pegmatite. 



Four slides of granitite-gneiss com- 
posed of quartz, orthoclase (micro- 
clinc and micro-perthite), oligo- 
clase, biotite, epidote, sphene, and 
zircon. 

Specimen found in 
Kharagoda. 

H, G. Bulklcy, Rsq-, 
A.ssistant Collector of 
Salt Revenue, Khara- 
goda, Kathiawar. 

Selenite. 

Specimens from near 
Kangyam, Coimba- 
tore district. 

Capt. H. Monty Camp- 
bell, R.A. 

I. Twinned crystals of muscovite, 
blue apatite, albite and micro- 
cline. 

2 and 3, Corundum in felspar rock. 



4. Garnets from old beryl mine. 



$. Muscovite showing lines parallel 
to the pressure figure. 
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List cf Assays and Examinations ?Hade in the Laboratory durij^ 
the past year — contd. ^ 


Substance and locality. 


Results of Examination. 


6. Graphic granite. 

7 # Microcline. 

S.^Corundum, 

9. Felspar with chrysoberyl and 

Specimen from Ootaea. Capt. H. Monty Camp- Anophrne““' 

“"“d- bell, R.A. 


V* L r If J . 

which fell during a Reporter to the Gov- 
shower of rain at eminent of India, 
Simla on the 14th July Simla. I 

1899. 


nous clay, distinct traces of carbo- 
nate and pho‘«phate of lime in a 
v«ry finely divider! state and ngree- 
jpg chemically with dust from the 
Punjab plains. 


Eibag" A.Mervyn.Smith,Esq. Garnets, fresh and decomposed. 

district. r 

iron ore. 


Specimens found in the 
Mawlu Township of 
the Katha district. 


Specimen found in the 
southern Shan States. I 


The Revenue Secretary 
to the Government 
of Burma, Rangoon. I 


Ditto ditto 


Six specimens from 
Kila Drosh, Chitral 
country. 


Lieutenant-Colonel R, 

I W. MacLeod, Com- 
manding apth Punjab 
Infantry, Kila Drosh, 
Chitral. ’ 


Apatite with quartz and felsp.ar. 

y Four packets mainly garnet. 

One packet containejd, beskh's gar- 
net, One small fragment of schorl, 
fragments of quartz, sapphire and 
4 pieces of colourless tnpaz. 

’ ^ tetrahodrite, composed of 

sulphide of antimony and copper 
with smaller quantitie.s of arsenic. 

j’ silver, also 

weathered product.-., carbonates of 

fer^Sg[aous*S. 

Nos, I, 2, 3, and 5, serpentines with 
varying quantities of rliombohodral 
carbonates. 

No, 4 volcanic ash, decomposed. 

No. 6 vein quartz with copper Ore 
I (sulphide and carbonates). 
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List of Assays and Examinations made in the Laboratory during 
the past year-^coJitL 


Substance and locality. 


Results of Examination 


Specimens from the 
Maurbhanj'i State, 
Balasore. 

Two specimens for de- 
termination. 


Specimen obtained from 
a bank recently raised 
above sea-level about 
2 miles from Taga- 
cherry off the coast 
at Quilon. 

Specimens from the 
Bendi area, Haznri- 
bagh district. 


Babu Tinkari Chow- Limonite and hematite pseudomor- 
dliry, Maurbhanja, phous after pyrite. 

Balasore. 

W. Pendlebury, Esq., i. Granite with pyrite filling cracks. 
Agent and Manager, Tested for gold without positive 
H. H. the Nizam’s result. 

Guaranteed State 

Railways Co., Limited, 2. Biotite-horn blende rock from 
Secunderabad, Deccan. segregation patch in the granite. 

Dr, Edgar Thurston, Foraminiferal and shell sand agglu- 
Superintendent, Gov- tinated into worm tubes, 
ernment Museum, 

Madras. 


A. Mervyn-Smith, Esq. i* Melted lumps of metallic tin. 

2. Scoriaceous “bloom” of tin and 

iron. 

3. Hornblendic gneiss. 

4. Pegmatite with purple garnet, etc. 


Specimen said to have 
been procured from I 
the Chota Nagpur 
Division. 

Eight Specimens from 
Chitral, 


Reporter on Econo- 
mic Products to the 
Government of India. 

Licutcn.int-Colonel R. 
W. MacLeod, Com- 
manding 2olh Punjab 
Infantry, Kila Drosh. 


5. Tourmaline with core of quartz. 

Hematite sand with small quantities 
of magnetite. 


I Buff-coloured marl. 

2. Quartz impregnated with carbo- 

nates of cupper, lime and 
magnesia. 

3. Doloinitic veins in marl. 

4. Mi ca-h ornblende-py roxene-peri- 

dotite approaching scyelite. 

5. Silky schist with pyrite cubes. 

6. Altered porphyrite. 

7. Impure serpentine. 


I 8 . Alteration product of schist. 
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List of Assays and Examinations made in the Laboratory during* 
the past year — contd. 


Substance and locality. 

Sender. 

Results of examination. 

Specinaen- found in* the 
Chanda ^ district, 

Central Provinces. 

A. E. Lowrie, Esq., 
Deputy Conservator ol 
Forests, Chanda, 

Central Provinces. 

Calcitc crystals. 

Specimen found in the 
Maurbhanja State, 
Balasore. 

Tinkari Chowdhry, 

Maurbhanja, Balasore. 

Slag. 

One specimen for deter- 
mination. 

The Reporter on 
Economic Products 
to the Government 
of India, Calcutta. 

Granular opidote. 

Three specimens from 
Nagpnr. 

Ditto 

Fuller's earth, 3 varieties. 

Specimens from 

Mohyniu, Katha dis- 
trict, Upper Burma. 

C. M. P. Wright, Esq,, 
Chonkpazat Gold 

Mining Co., Limited, 
Upper Burma. 

Rolled pebbles of black rutilcj 

Specimen quarried near 
Gwalior for ornament- 
al purposes, and four 
specimens from 

Malwa. 

Colonel D..G. Pitcher, 

I. S. C., Department 
of Land Records, 
Gwalior State, Morar. 

Block of sandstone, ami 

1. Basalt. 

2. Quart znse fault-rock with 

Innonite. 

3 - Garnotiferou.s inica-schisl. 

4. Scricito srliist. 

Two packets of gems 
from a tributary of 
the Ledawchaung, 
Katha district, Upper 
Burma. 

The Deputy Co.nmis- 
sioner of Katha, 
through the Secretar} 
to the Financial Com- 
missioner of Burma, 
Rangoon. 

/sf Packet contained 

Kilbies, sapphires, tom* 

iiialiiio, zircon, topaz, garnet, 
spinel and quartz crystals. 



2ud Packet - 




Sapphires, green and black 
tounnaliiu*, topaz, quartz, fols- 
par, garnet, spinel and ruby. 
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List of Assnys and Examinations made in the Laboratoyy during 
the past year ^concldi 


Substance and locality. 

Sender. 

Results of Examination. 

Stones found in a well 
of ihe Byturni Bridge, 
Cuttack district. 

E. Beckett, Esq,, District 
Enf»inoer, Bengal* 

Nagpur Railway, 

Jenapur, Cuttack. 

Six pieces* of glass and two oh 
quartz. 

Specimens from the 
Chandon Estate, 8 
miles no'-th of Baidya- 
nath 1 unction, East 
Indian Railway. 

Henry Bateson, Esq., 
Gillanders, Arbuthnot 
& Co., Calcutta. 

r. Muscovite weathered and broken, 
in books of 2^ to 3"; 

2. Ceriissite and minium* 



3. and 4* Quartz crystals* 

5 - Small piece of pegmatite, 

6. Tourmaline (schorl), 

7. Garnets* 

8. Coal. 

Rock from the village 
of Hatipota, 4 miles 
east of Bi la si para, 

Goal para district. 

Engineer-in -Chief, 
Eastern Bengal State 
Railway, Calcutta. 

Granitoid gneiss (bin.iry granite^ 
suitable for ordinary structural 
purposes. 

Specimen from. Kora- 
pnt, Vizagapat-ini 

district. 

Dr. T, L. Walkrr, M.A,, 
Geolotfical Survey 
of India. 

Limonite. 

Specimens from the 
Cliaiidoti Estate, 8 
miles iiorih of Bnidya-' 
nalli Junction, East 
Indian Railway. 

Henry Bateson-, Esq*, 
tJillandcrs, Arbuthnot 
8c Co., Calcutta. 

1. Black tourmaline (schorl), 

2. Coal (not obtained in situ). 

3. Ilmcnite. 

4. Oxide and carbonate of lead; 

5* Garnets. 

Specimen from the 
Darjeeling district. 

Poll & Co., CaleutU'i. 

Yellow ochre. 


Mr. F. R. Mallet has continued to sliow his interosL in lh(‘ work 
Mr. F. R. Mallbt. of the department by the publication, aiiice 
U„gi,rmii,!. retiremont from tlie servict;, of rospiirclios 

on the mineralogy of India. Mis latest work consists of an 
iuv(‘stig,alion ol tlic mineral Iaiigboinit<!,, a double suljdiate of potash. 
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and magnesia, which occurs as a constituent of the deposit of potash 
salts discovered by Dr. H. Warth in the Mayo Salt Mines in i873« 
The existence of the compound SO4, 2 Mg SO^ as a definite 
mineral constituent of this deposit has now been established by 
Mr. Mallet, who has also prepared the mineral artificially by fusing 
together the two sulphates in proper proportions {Min, Mag,^ Vol, 
XII, 1899, p. 159), and has extended his researches by artificially 
preparing a number of allied double sulphates of the general form 
2 M" SO4, R'a SO4 [Trans* Chem* Soc.y Vol. 77, 1900, p. 216). 


2.— Paleontological Work. 

A record of good work and actual progress has been established 
Collections during the past year in this most important 

branch of the Survey, both in India and through 
our scientific helpers in Europe, 

a. In India 

The Palaeontologist of the Department, Dr. Fritz Noetling, con- 

Dr. Noetling on description of the large collections 

Miocene fossils of from the miocene beds of Burma, This work 
has been already mentioned in the General 
Reports of 1898 and 1899 ; it is now finished and will be published 
in THE PalEONTOLOGIA InDICA, 

Dr Noetling has taken much trouble in dealing with this sub- 
ject which, owing to the almost total absence of any literature of 
reference, was particularly- intricate, and in order to arrive at a 
correct idea as to the true relationship of this fauna, he was obliged 
to compare the fossil specimens with their living relatives inhabiting 
the Indian Ocean. This necessitated of course a good deal of extra 
work, not generally connected with the study of fossils, but the 
results are very satisfactory, and Dr. Noetling's memoir will remain 
a standard work for the study of the tertiary fauna of India, parti- 
cularly as he has indicated a new direction which researches of this 
kind should take in future. The main results are the following : 

The living fauna of the Indian Ocean has partly descended from the 
fauna of the miocene period inasmuch as 30 per cent, of that fauna 
still exist in a living state. On the other hand, it seems certain that 
the fauna of the, Indian Ocean contains a foreign element, the 
ancestors of which have not yet been found, in a fossil state in India. 
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Dr. Noetling has carefully studied the relationship of the reraain- 
ing 70 percent, of the iniocene fauna, which represents the ‘'extinct'' 
element of the fauna of the Indian Ocean. 

He was able to distinguish four classes, : — 

(1) Species of which no relative, either living or fossil, could be 

traced. 

(2) Species which show the closest relationship to species occur" 

ring in the eocene of France. 

(3) Species which show the closest relationship to species living 

at present in the western province of the Pacific Ocean, 

but which do not occur in the Indian Ocean. 

(4) Species which show a close relationship to species living at 

present in the Mediterranean. 

Dr. Noetling thinks that the first group represents the “in- 
digenous " element, that is to say, species which are closely related 
to such which occur in the older tertiaries. He states that this 
view has been fully confirmed by the study of the fossils collected 
by him in the eocene of Sind where he discovered numerous species 
identical with such included in the above group. 

The second group which he calls “ Gallic types " proves that an 
intimate connection must have existed between the eocene fauna of 
Europe and the miocene fauna of Burma. This connection can 
only be explained by the theory of a migration of species from 
west towards east which commenced with the eocene period,- and 
lasted probably up to quite recent times. This theory is greatly sup- 
ported by the occurrence of the third group, which he calls " Pacific 
types," the existence of which can only be explained under the 
supposition that towards the end of the miocene period the re- 
presentatives of this group migrated further eastwards, while they 
died out in the region of the Indian Ocean. The above four groups 
are called “ palaeogene species " in opposition to the “ neogene " 
species which arc again subdivided into three groups. According to 
Dr. Noetling the fauna of the miocene of Burma would therefore 
be composed as follows ; — 


Palasogcne 

species. 


^ Indigenous types • • • . • 

Gallic types 

Pacific types 

Mediterranean types . • . . 

\ Species not classified • • • . 


3fi*2 % 
13 - 3 % 
1 8*6% 
1 * 2 % 
0 * 6 % 


C 
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( Identical species . 
Sub-identical specie^ 
Evolutionary species 
Species not classified 


11 * 4 % 

11 - 4 % 

4-8 ro 


This fauna lived in a very shallow sea not exceeding 25 metre 
in depth, and as there are several fossiliferous horizons succeeding 
each other in vertical direction in a series measuring not less than 
2,450 feet in thickness, this deposit of the miocene beds must have 
accumulated during a time of rapid subsidence, 

A further and most interesting fact is the proof that the miocene 
of Burma does not share a single species in common with the 
miocene fauna of Europe, but exhibits a great similarity with the 
miocene of Java and Sumatra on one side and the fauna of the Gaj 
beds of western India on the other side. 


The stratigraphical part of the memoir deals with the subdivision 
of the tertiaries in Burma in general, and the nliocene of Burma in 
special, which is illustrated by a number of characteristic sections. 

Dr* Noetling^s memoir is not only very important from a purely 
scientific point of view, but it permits definite conclusions to be 
drawm with regard to the occurrence of petroleum and coal in 
Burma, which we now know to occur in the lower miocene only, 


Dr. F. Nobtling. 
Permian and triasHc 
fossih of the Salt 
Range. 

Tertiary fauna of Sind, 


During the last field season Dr. Noetling was on tour in the 
Salt Range and later in Sind, from which 
localities he has brought away a magnificent 
collection of fossils which will require much 
time to determine and describe. New light 
has been shed through these fossils on the rela- 
tions of the permo-trias sections of the Salt Range, whilst the lower 
tertiary fossils of Sind will form one of the most important addi- 
tions to our collections. This work, which was done during the last 
month or two with Mr. Vredenbiirg as assistant, is noticed in F^art II 
of this Report. 

The palaeontological work accomplished by Dr. von Kraflft during 

Dr. a. von Krafft. season of 1899-1900, was of a two-fold 

Triassic Fossils of nature. It consisted, first, of an examination 
the Himalayas. - , 1,' - ^ 

Of the very large collections obtained in Spiti 

by Mr. Hayden and himself during the summer of 1899, the results of 

which are fembodiisd in Part III of this Report. 
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Secondly, a beginning was made with a systematic d^escription' 
of the recently made collections from the trias of the Himalayas. 

These fossils were brought together in 1898 and 1899 by 
Messrs. Hayden and Dr. von Krafift from Spiti, and by Mes,srs. 
LaTouche, Smith and Walker from the Central Himalayas. They 
consist for the greater part of Cephalopoda and include representa- 
tives of the whole series of trias beds. 

Of these collections the lower triassic ammonites have been 
almost completely determined. The following ammonites have been 
described : — 

(0 Twenty-two new species, belonging to the genera Meehoeeras 
(rasp.), Hedenstroemia (4 sp. ), Flemingites (i sp. ), 
Clypites (i sp. ), Pseudosageceras (i sp. ), Danubites- 
(i sp. ), Ceraiites (i sp. ), Lecanites (i sp. ). 

(2) Five previously described, but of which a revised description 

seemed desirable, viz. 

Meehoceras hodgsoniy Dien. 

„ varahUi Dien. 

Hedenstramia mojsissovicsi, Dien. 

Danubites iapila, Dien, 

„ nivalis, Dien. 

(3) Seven species, which previously had not been known to occur 
in the Himalayas, and had so far only been known either from the 
Salt Range or the lower triassic deposits of northern Siberia (mouth 
of the Olenek River), namely 

Meehoceras cf. pulchrum, Waag. (Salt Range). 

„ aff radiosum, Waag. ( „ „ ). 

Danubites radians, Waag. (Salt Range). 

„ rotula, Waag. ( „ „ ), 

Proptychites ammonoidcs, Waag., 

„ sp. afi. latifimbriato, Waag. 

The chief stratigraphical result to which these paleontological 
researches have led, is, that the Otoceras beds of the Himalayas do 
not, as was hitherto believed, correspond to the beds at the base 
of the lower ceratite limestone of the Salt Range, but are equivalent 
to the ceratite marls and the lower ceratite sandstones, and very 
probably include also the lower ceratite limestone, while, on the 
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other hand the upper division of the lower trias of the Himalayas 
(“Subrobnstus beds,*' Diener ) does not correspond to the whole of 
the ceratite sandstones, but merely to the two upper divisions of the 
same, vig.f the Stachella beds and the Flemingites flemingiarus 
beds. 

Daring the rains of 1899 it was possible to depute three officers 
Mr. t. d. LaToochb. higher ranges of the Kumaon Hima- 

w revise certain sections surveyed by me 
■ in former years, and also to collect more fossils 
in certain localities. A very large collection of fossils was made 
during these tours and is now awaiting description. The triassic 
collection made by Mr. Smith is particularly interesting and has 
been partly worked out by Dr. von Krafft; the older paleozoic 
fossils, chiefly found by Mr. LaTouche, will be sent to the British 
Museum, where older collections belonging to the Department are 
already awaiting description. Dr. Walker fell ill during his deputa- 
ion, but not before a small, but interesting suite of fossils was 
obtained from the classic locality of Chitichun, north-east of the Milam 
passes. 

During the progress of surveys carried on in the Shan hills 
Messrs. LaTouche, during the last field season, Messrs. LaTouche, 
"'“"dotcI! **'“ Middlemiss and Dutta acquired a most interest- 
Paiaoancfc^sef mg series of palaeozoic fossils. Most of them 
n/i-jji • . either of Silurian or devonian age. 

Mr. Middlemiss discovered permian fossils in the southern Shan 
States, but his efforts to trace the locality into the Karenni country 
where tnassic fossils were supposed to have been found failed 
entirely. 

a . In Europe:—. 

The description of out fossil collections which have been en- 
trusted to scientists in Europe, is progressing apace. The followine 
gentlemen are at present at work on them ^ 

In England, 

Dr. F. L. Kitchin, 

° 'I'ngS .td 7.1..”.' o( Cch. 
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Dr^ Kitchin will probably also undertake to describe the silurfaii 
fossils of the Himalayas. 

In Austria. 

Prof. Dr. W. Waagei^, 1 w -i t o i.. » 
University of Vienna. jTnassic fossils of the Salt Range. 

Prof. Dr. Uhlig, ■> , . , , 

University of Prague. )J“'^assic fossils of Himalayas. 

Dr. F. Kossmat, ^ 

K. K. Geologische v Cretaceous fossils of Assam. 
Reichsaustalt. J 


■ Cretaceous fossils of Assam. 


In France. 


Prof. R. Zeiller, 

Ecole Nationale Su* / /- j r •» 
p6rieure des Mines, ^Gondwana fossils. 

Paris. J 


It is with the utmost regret that I have to record the death ou 
the 24th March last in the 59th year of his age 
R. AAGEN. Wilhelm Waagen, Professor of Palaeon- 

tology at the University of Vienna, which took place after a lingering 
illness of several years' duration. Dr. Waagen was appointed to 
the Depaitment in December 1870 and he had to retire on the 
25th August 1875 in consequence of illness contracted during 
the progress of his researches in India, He was one of our oldest 
friends and fellow-workers and was almost up to the very last 
employed in describing tlie fossils of the Salt Range, winch work has 
been left unfinished. Although later research has added much to our 
knowledge of the distribution and character of the permian and 
triassic faunae of India and has in a measure contradicted some of 
the results arrived at by Dr. Waagen, it may still be said that this 
great palaeontologist's work has laid the foundation to our more 
advanced knowledge, and that the enthusiasm and industry which 
Waagen broiiglit to bear upon Indian palaeontology will be greatly 
missed by us all. 

The most responsible duties in connection with the direction of 

the palaeontological work carried on in Austria 
Professor E. SuEss. . ‘ ^ f . j .u j-i.* r 

for the Department, and the auditing of the 



22 


Geological Survey of India. 


disbursements on behalf of the same, has been ably and generously 
conducted by Professor E. Suess during the year under report, as it 
has been done by him for many years past. 


3. — Publications. 

The following publications were issued during the past twelve 
months;;—. 


General Report on the work carried on by the 
Geological Survey of India from the ist April 
1898 to the 31st March 1899. 

Memoirs, Volume XXIX, Report on the 
great Earthquake of the 12th June 1897 by 

R. D. Oldham, 


General Report, 


Memoirs. 


Palaeontologia Indica.— 

Pah.oni.Ugia IndUa. ^ ^OSsils. Vol. I, Part 2.— 

Anthracohthic fossils of Kashmir and Spiti by 

Dr. Carl Diener. 

Series XV, Himalayan fossils. Vol. Ill, Part i.--Upper Triassic 
Cephalopoda Faunae of the Himalayas by Dr. Edmund Mojissovics. 

New Series, Vol. I. No. i.— The Cambrian fauna of the Eastern 
Salt Range by Dr. K. Redlich. 

New Series, Vol. I. No. 2.— Notes on the Morphology of the 
Pelecypoda by Dr. F. Noetling. 

a. . ^*2. T . , the Inspector of Mines in India, 

Reports of the iHSbecior •.•i.i.rii • ^ 

of Mines, Sent in the following reports which were pub- 

lished during 1899-1900 

1. Report on the Inspection of Mines in India, for the year 
ending 3t8t December i8q8. 

2. Report on the Inspection of the Coal-mines belonging to the 
Assam Railways and Trading Company, Limited. 

3. Report on the Inspection of the Coal-mines in the Sor range 
of Hills near Quetta and at Mach. 

Lihrary.--T\a.t additions to the library during the year 1899-1900 
amount to 1,890 Volumes, of which 1,185 were acquired by presenta- 
tion and 705 by purchase. A deUiled list of acquisitions is given in 
Appendix I. 
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Personnel, 


Notification by the Government of India published in the ** Gazette oflndia^* 
d ated 6th May iSgp, Part /. — Lejave. 


Department. 

Number of urder 
aucl date. 

I^ame of Officer. 

Nature of leave. 

With effect 
from 

Date 

of 

return. 

Rsmares, 

Revenue and 

Agricultural 
Uupartoient. 

Notl6cation No. 
1404-50-3, dated 
5th May 1899. 

R. D Oldham, 
Superliitcbdeat, 
Geological Sur- 
vey. 

Furlough for 
one year an d 

6 months. 

iith July 1899 

... 

Availed of sub- 
sidiary leave 
from 6th to 
lOth July 1899. 

Notifications by the Geological Survey of India published in the 

of India f Part IL — Leave. 

Gazette 

Department, 

Number of order 
and date. 

Name of Officer. 

N ature of leave. 

With effect 
from 

Date 

of 

return. 

Remarks. 

Ocolngical Survey 
(if India, 

Notification No. 414, 
dated 28th April 
1899. 

P. N. Bose, 
Deputy Super- 
intendent, Geo- 
logical Survey. 

privilege leave 
for 1 month 
and 15 days. 

15th May 1899. 

30th June 
1890. 

Gi'zetre of h dhx 
dated 6tli May 
1899. 

Ditto . 

Diltu , 

Notification No. 240, 
dated 13th March 
1900. 

Notification No. 252, 
dated 13th March 
1900. 

T. L. Walker, 
Assistant Super- 
intendent, Geolo- 
gical Survey. 

I), La Touche, 
Superintendent, 
Geological Sur- 
vey. 

Privilege leave 
fur 28 days. 

Privilege leave 
for 3 mouths. 

17th April igoo 
or subsequeut 
date. 

iSth April 1900 
or subsequent 
date. 

... 

\ Availed on 

1 igtii April 
f 1900. 
f Quzctte 9/ 
\ tndia, dated 
J 34th March 
1900. 
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Notifications by the Government of India published in the Gazette of India 
Part I — Appointments ^ Confirmation^ Promotion , Rcvcrsi)n and Ketircment* 


lJu| arlinent. 

N (». of order 
and date. 

Nntne of Ollicer. 

From 

To 

Nature of 
appuintini nt.clc, 

With effect 1 
Iroiu I 

Remarks* 









Kuvuiiue and 
Agrlrultural 
Uepaitmei’t. 

Notification No, 
daicd 

1 2th May 1899. 

T, 11 , IDillanu 

Dcpiily Super- 
inteiidont. Geo- 
logical Survey. 

Cinralor, 
Geological 
MuHenm 
and Labo- 
ratory. 

Snlislantive, 

perinauunt. 

ist May 
i« 99 . 

of 

litdi 'If 
dated i3tli 
May 18990 

Ditto . 

Ditto . 

Notification No. 
3(181-50-8, dated 
12th Anguat 

I Hyp. 

Ditto 

Ditto 

H. H. Hayden 

Ditto 

Assistant Sup- 
erintendent, 
Geological 
Survey. 

Superinten- 
dent, Geo- 
logical 
Survey, 

Deputy 

Superin- 

tendent, 

Goological 

Survey. 

Sufstantive* 

temporary. 

Ditto 

6th Jnlv 
1899. 

Ditto . 

/ G.>aene 

[ ({/ Jnillitf 

{ i2th Aug. 
^ 899 . 

Ditto . 

Letter No. xfiyS- 

6r-2, d.ited 23 nd 

May J« 99 . 

T. L. Walker . 

Ditto 

Substantive, 

permanent. 

8 th May 

1899. 

ConfirmeiJ, 

Ditto . 

Notification No. 
3640-H1-4, dated 
13th Oct. 1899. 

G, A Stonier . 

Mining Special- 
ist, Geological 
Survey, 



Substantive, 
temporary for 

5 years. 

4th October 
1899 . 

G'lzctle if 
India, 
dated 4lh 
Oct. 1899. 

Ditto . 

Notification No. 
3873’Hi-io, dated 
loth Nov. 1899. 

G. P. Reader . 

Coal Specialist, 
Geological 
Survey. 


Ditto 

ist Novem- 
ber 1899. 

Gazette 
of Init in, 

dated I ith 
Nov. i 8 y 9 * 

Ditto . 

Notification No. 
130a, dated uih 
April 1900. 

F. n. Hatch . 

Gold Mining 
Expert, Geo- 
logical Survey. 



aubstantive, 
temporary for 
one year. 

31st March 
igoo. 

Gazette of 
India, 
dated f4th 
Apl, 1900, 
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Part II.— Field Parties. 


During the year ending 31st March 1900 
DisiriiuHon of Officers, the officers of the Department were distributed' 
as follows 


Mr, R, D. Oldham • . Head-(juarters till 5th July 1899; then fur- 

lough for 18 months. 

Superintendents. 

Mr. T. H, D, LaTouche .Head-quarters till 29th June 1899; 

Kumaon Himalayas till ist October ; 
at Delhi with Austrian Leonid Expedi- 
tion daring October ; left head-quarters 
on the 26th November 1899 for the 
northern Shan States, Burma. 

„ C. S. Middlemiss . Head-quarters till 26th November 1899; 

then southern Shan States and Karenni 
country, Burma. 


Deputy Superintendents. 

Mr, P. N. Bose . .Head-quarters till 14th October 1899; 

then Central Provinces. 

• Head-quarters ; in charge of Museum and 
Laboratory. 

. Head-quarters till 3rd November 1899 ; 

then northern Shan States, Burma. 

. Head-quarters till 24th June 1899 ; 
Kumaon Himalayas till 14th October ; 
then Ganjam, Madras Presidency. 


I, T. H. Holland 
„ P. N. Dutta 
» F. H. Smith 


Assistant Superinten- 
dents. 


Mr. H. H. Hayden . 
» E. Vredenburg , 


„ Th. L. Walker , 


Dr. A. V. Krafft . 


. Spiti Himalayas till 4th November 1899; 
then Wynaad, Madras Presidency. 

.Baluchistan till 7th July 1899; head- 
quarters till January 1900, and then 
Punjab and Sind. 

• Head-quarters till 24th June 1899; 
Kumaon Himalayas till 24th Septem- 
ber, and then Vizagapatam, Madras 
Presidency, 

. Spiti Himalayas till 4th November 1899 ; 
then head-quarters. 
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Palaeontologist. 

Dr. F. Noetling , . Head-quarters till iith September 1899; 

then Punjab and Sind, 

Mining Specialists. 

Mr. G. A, Stonier . , Left head-quarters 17th November 1899 

for the Wuntho district, Burma. 

I, G. F, Reader « , Left head-quarters on the loth November 

1899 for the coal-fields of Rampur and 
Baghelkand. 


Sub- Ass 1ST ANTS. 

Lala Hira Lai • » Head-quarters till lotli November 1899; 

with Mr. Reader in Baghelkand, 

„ Kishen Singh . .Head-quarters till 17th November 1899; 

then with Mr. Stonier in Burma. 


Museum Assistant. 

Mr. T. R, Blyth . , At head-quarters till 59th January 1900 ; 

then proceeded on deputation to Paris 
in charge of exhibits. 


Division of work . — The surveys were again divided as far as 
practicable into purely economic and scientific inquiries. 


A, — Economic Inquiries. 

I. Gold. 

Since the publication of Vol. Ill of the Manual of the Geology 
of India in 1881, gold mining in India has become an important 
industry, and the most sceptic persons must have become convinced 
that with proper management and economy many of our gold ores 
might be exploited to great advantage. At the present time, when 
owing to the introduction of metallurgical processes, quite unknown 
not long ago, it has become possible to work exceedingly low grade 
ores profitably, it is of great importance to study the question in all 
its bearings, and it has therefore been decided that full reports be 
drawn up on the mode of occurrence and nature of the auriferous 
rocks of the most important localities in India. 
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The most important areas in this respect are Burma and southert^ 
India ; the work in Burma has been put in charge of Mr. G. A. Stonier, 
whilst Mr. H. H. Hayden has begun the inquiry in the Wynaad. 
Both have given (see Part III) preliminary accounts of their 
surveys, which will be continued duing the greater part of next year 
(1900-1901). The well-known expert in gold mining, Dr. F. H. 
Hatch, joined the staff of the Department on the 31st March of this 
year and will conjointly with the officers named above, continue the 
study of gold in India, and the result of this joint inquiry will then 
be published as part 3 of the Manual of the Geology of India. 


Burma, 

Investigations were practically confined to the Wuntho district 
only, and a preliminary report on the results of 
LiISi.K’wHfrswoH. this season’s work is given in Part 111 . The 
district is evidently fairly well provided with 
auriferous reefs, though up to date all the leaders and reefs which have 
been examined were very limited in dimensions. There is no doubt 
of the presence of gold in paying quantities, whilst in some cases 
the reefs may even be called rich, but there remains doubt whether 
there is sufficient ore to repay working it on a large scale, which alone 
would ensure commercial success. Towards the end of March 
Mr. Stonier came across what appears to be a promising quartz-reef 
near Baumark, which runs to 9 dwts. over a width of 9 inches. He 
is now engaged in testing the extent of the reef. 


Mr. H. H. Havden. 


Wynaad, 

A preliminary examination of the more important reefs of South 
and South-East Wynaad was carried out during 
the months of November to March of last year, 
a short report on which will be found in Part III. This survey 
will be continued on a larger scale during the next year by Mr, 
Hayden and Dr. F. H. Hatch. The results obtained by Mr. Hayden 
during his preliminary inquiry tend to show that the majority of 
the reefs are probably too poor in gold to offer any prospects of 
remunerative working, yet it is possible that one or two may prove 
sufficiently rich to justify mining operations, provided they are 
carried on judiciously and under strictly expert supervision.*' 
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2 . Coal. 


I have had occasion to re-visit Bikanir on my late tour in Raj- 
putana and have ascertained that the question 
CoalinBihanir. of the coal-field of Palana, referred to in my 
General Report of last year (p. 33), stands now practically as it did 
then. A good deal further development of the known seam has taken 
place at the same locality, but no borings have been conducted and 
it is unknown whether there are other seams below the one worked, 
and in what direction and to what distances the field extends. The 
Durbar had been advised by the State Engineer that the actual 
a prQving^^ of the field is unnecessary, as, so 1 am told, sufficient 
coal is actually in sight for probable requirements on the Jodhpur- 
Bikanir Railway for a space of 15 years. 

I still am of opinion that the field should be proved both vertically 
and horizontally ; the position of it, midway as it will be between the 
North-Western, East Indian and Bombay Railway systems, marks it 
as One of the most important coal localities of India. 

Mr. G. F. Reader, the coal-specialist of the department, examined 
at some length the coal-fields of Rampur (Eeb- 
Rampuf and Sohag- rivet) and of Sohagpur, somewhat detailed 
pur coal niids. reports on which are published in Part III of 


this Report. 

Mr. Reader comes to the conclusion that as regards the Rampur 
field, further action should be directed towards the immediate 
exploitation of the “£'^5 coal seam" and the completion of bore- 
hole No. 4 (K* of map) down to the Takhirs. 

In the Sohagpur coal-field Mr. Reader finds that out of seven 
seams two (the Sabo and Amlei-Bokahi), are of workable thickness 
and very fair quality. 


3. Landslip at Darjeeling. 

For three weeks during last October Mr. 1 . H. Holland s 
services were placed at the disposal of the 
Mr. Holland. Bengal Government to advise the Committee 

"appointed to inspect the buildings, roads and drains in and round 
the town of Darjeeling after the disaster of the 24th September 

J899, and to suggest measures to prevent the ’occurrence 

of landslips in Darjeeling in the future ” The general 
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conclusions of the Committee and reports of the Sub-Committees were 
published together with the thanks of the Local Government, in the 
Calcutta Gazette of the 7th December last. The numerous and 
destructive landslips were, it appears, confined to the soil-cap cover- 
ing the gneissose formation which forms the Darjeeling ridge, and 
their immediate cause was satisfactorily traced to the excessive rain- 
fall which, following an unusually heavy monsoon, deluged Darjeeling 
on the two days preceding the disaster. 

The details of the Committee's lengthy report are purely of local 
interest but their conclusions as to the conditions for the development 
of soil-cap slips being in general agreement with the principles out- 
lined in Mr. Holland’s report on Naini TaL I should like to endorse 
the following remarks for the beneficial warning of authorities in other 
hill stations which have hitherto escaped the punishments which have 
been meted out to Naini Tal and Darjeeling Although it is true 
that the cause of slips recently examined (in Darjeeling) can be im- 
mediately traced to the heavy rain of September 24th — 25th, it must 
not be forgotten— and this is a lesson of permanent value to all 
hill stations — that the necessary facilities have been in the course 
of gradual development for many years. The soil-cap is the direct 
product of the atmospheric decomposition of the rocks, and through 
the action of percolating meteoric waters is in process of continual 
growth at the superficial expense of the latter. The removal of soil 
from the surface by the mechanical action of running water, and the 
simultaneous addition of decomposition products below the sub-soil by 
the chemical activity of percolating water are not concurrently com- 
pensatory in slopes covered with vegetation: there is a balance in 
favour of the latter process which is periodically restored by slips from 
the surface. The formation of a soil-cap does not in itself contribute 
to an increase in the surface slope, but its removal from the foot of a 
slope by^ streams, which there acquire a greater erosive activity 
through increased velocity and volume, increases the average slope of 
the hillside....... The increase in the angle of a slope by the under- 
mining action of a river is supplemented by the slow process of creep 
which proceeds step-fashion in every Inclined soil-cap with the 
regular succession of wet and dry seasons. The expansion which 
follows the saturation of a soil-cap during each monsoon naturally 
takes place in the direction of least resistance, which is down the hill- 
side, The desiccation which follows in the succeeding dry season 
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merely makes a pause in this movement— not a return to original 
conditions. Such a ratchet-and-paul kind of creep downwards and 
outwards proceeds until the conditions of stability are exceeded, and 
a landslip occurs to restore equilibrium. It is delusive, therefore, 
to suppose that, because a slope has apparently withstood the action 
of twenty monsoons, the absence of accident is an index to its stabi- 
lity and an insurance against danger in the twenty-first wet season. 
On the contrary, in a steep earth slope unprotected by artificial 
means, every monsoon brings it nearer to the inevitable landslip, 
and the more perfect appreciation of this fact by the authorities b 
our hill stations will help to guard against the constant, but fatal, 
tendency there always appears to be to repose confidence in a slope 
which has not by chance been the scene of an accident for a genera- 
tion.” Although this warning would not be applicable in the case of 
slopes on massive dolomite, as in parts of Mussoorie and Naini Tal 
or on quartzite, as in parts of Simla, most of the Himalayan stations 
include slate and shale formations, or are covered with thick soil-caps 
which should never be allowed to exceed the angles of safety which 
have been determined for different degrees of saturation. 


4. Irrigation. 

In Part III I give Mr. T. H. Holland’s report on the site of 
Bhavanidam. Bhavani dam. This note, referred to in my 

last Report, has since been published by the 
Madras Government, who have also recorded their thanks for 
Mr. Holland s services on the Committee appointed to investigate 
the Bhavani project. 

During February and March I visited certain portions of the 
Artesian mater-supply, Provinces, Gujerat and Rajputana to 

ascertain, if possible, the chances of increasing 
the existing water-supply by means of artesian borings. Public 
attention had been directed to these means of alleviating the chances 
of famines in India, and in some measure it had been insinuated that 
Government neglected its duties by not resorting more frequently 
to artesian well-sinking in certain districts in India. That this is 
not so is shown by the immense mass of official papers on the sub- 
ject, which I am directed to notice in a compilation on the subject 
about to be published, Actual attempts had been made to sink 
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artesian wells in different parts of India, but it must be owned, with 
indifferent success in most cases. Practically the only instance in 
which a water-supply has been thus obtained within British India, is 
the one afforded by the wells in the Quetta District, which are a 
decided success. It must be borne in mind that for purposes of find- 
ing artesian water the Peninsula of India may be divided into three 
great areas: (i) The Indo-Gangetic plains, (2) The Peninsula proper 
lying south of the Ganges alluvium, and (3) portions of the tertiary 
plains of the Rajputana desert, Gujerat and Sindi 

I. The Indo-Gangetic plains are mostly formed of immense thick- 
nesses of alluvial deposits in which artesian conditions seem to be 
absent. The deposits are probably of such thickness that it would 
be hopeless to try and penetrate the same down to the water-level. 
Borings have been made down to 1,800 feet thickness without 
meeting with any other but soft sands and sandstones through which 
water passes without let or hindrance. From the character of the 
beds where seen near the margins of the basin, it seems that the 
same character of permeability attaches to the entire immense thick- 
ness of this alluvium, which may be upwards of 20,000 feet. 

a. The peninsula proper south of this last area consists mostly of 
either igneous and schistose rocks overlaid by systems of old palmo- 
zoic formations and great sheets of basic eruptive rocks (Deccan 
trap). These rocks, although in some measure absorbent and water- 
retaining, offer such poor chances of finding artesian conditions, that 
it would in most cases be a waste of time and money to attempt 
boring for artesian water. 

3. In Rajputana, Gujerat and Sind conditions are somewhat 
different. There we find tertiary (eocene and miocene) marine beds 
spread over a considerable area, lying within well-defined basins or 
forming wide-spread, gently sloping, almost undisturbed deposits. 
It is probable that in the greater portion of the Rajputana desert 
these deposits may be found below the recent accumulations of sands 
and alluvial formations. In that part of Gujerat forming the drainage 
basins of the Gulfs of Cutch and Cambay, and also in parts of Sind 
the conditions are similar, and as a matter of fact a good supply of 
water is met within moderate depths from the surface within the 
tertiary beds. As the latter, particularly the upper nummulitic lime- 
stones, contain strings and layers of salt, it follows that the water of 
that horizon is generally brackish. 

At ordinary times this water, although to some degree always 
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btackish, is used for domestic purposes and irrigation by the people 
of Rajputana and Gujerat, but during periods of drought the? supply 
diminishes and then the water becomes almost brine and is useless 
alike for domestic and agricultural purposes. Attempts have been 
made at different times^ as much as sixty afid more years ago, to sink 
deep wells and artesian borings at several places in Gujerat, but the 
results were generally disappointing. The water obtained was found 
to be generally brackish ; in one or two bore-holes it rose to within 
a few feet of the surface, but true artesian conditions have not 
been met with. It is true that none of these borings exceeded a 
few hundred feet, and it is difficult to form any workable deductions 
from the attempts. 

When travelling in Gujerat and Kathiawar recentiy, 1 satisfied 
myself that there is no difficulty in obtaining plenty of water, even 
during the present season 6f droughty in places such as the vast 
plains of Gujerat, south and south-west of Ahmedabad. The natives 
have sunk a number of new wells at several places in that area and 
find water, only slightly brackish, within 40 to 50 feet from the sur- 
face. This water collects within the upper tertiary (miocene) beds, 
and it is probable that there are several well-defined horizons of such 
water. The tertiary deposits are underlaid in Gujerat by creta- 
ceous rocks, which may be seen to outcrop along the borders of 
Kathiawar and Gujerat from under the traps which cover the greater 
part of the cretaceous beds. As far as these latter may be seen, 
they consist of dark-brown sandstones overlaid by light-coloured 
impure calcareous sandstones and marls. The latter act more or less 
as an impervious layer, whilst the porous brown sandstones beneath 
contain a good supply of water. It may be observed that wherever 
the upper marls have been removed by quarrying (near Wadwan for 
instance) the water contained in the sandstones below rises rapidly 
to the surface. Although slightly brackish, it is fit for domestic use. 

It appears probable that these conditions will be found to pre- 
vail over a considerable part of Gujerat, and it may be, also in Raj-- 
putana, and I have therefore decided that it would be advisable to 
make a trial boring somewhere in the neighbourhood of Wadwan, 
this boring to be brought down to at least j,ooo feet or until the 
brown cretaceous sandstone is reached, ^Ihere is some hope that 
the water reached in that horizon may then rise to the surface. 
Similar arguments may be urged in favour of certain localities in 
Rajputana, and I believe the Jodhpur Durbar has accepted my advice 
and will sink a deep boring between the Luni river and Baliiicr wdth 
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the double purpose of finding an artesian supply of wafer and to as- 
certain also, whether the eocene coal seams of Bikanir are repeated 
within the tertiaries which most probably underlie the recent de- 
posits near Balmir. 


B* — Geological Surveys. 

1. Burma. 

During the season 1890 to 1891, Dr, Noetling made a geological 
Mr.T. h. D. LaToochr. through the northern Shan States j 

p.'n. dJiota!"”®' topographical maps of the latter 

have been much improved upon and it was 
therefore decided to carry out a more systematic geological survey 
of the Shan States of Burma and a traverse of the adjoining Karenni 
country. Messrs. LaTouche and Dutta worked along the section 
between Mandalay and- the Kunlon Ferry of the Salween, whilst 
Mr. Middlemiss conducted a rapid traverse through the southern 
Shan States and the Karenni hills. The results obtained are exceed- 
ingly interesting; in the northern Shan States some additions were 
made to the geological notes on the country given by Dr. F, Noetling ' 
and some fossils were collected which await description. 

The results are embodied in progress reports in Part III of this 
Beport ! Mr, LaTouche comes to the following conclusions 1— 

“ The formations met with along the route traversed by me, that 
is, the railway line under construction between Mandalay and the 
Kunlon Ferry, are the following, in descending order : 


List of Formations, 

No. 

Period. 

Description of beds. 

Local Name. 

11 

Recent • • . 

' Valley gravels and alluvial deposits 
with numerous land and fresh- 
water shells. 

Older gravels and boulder beds. 

Red and yellow clays, often of great 
thickne.ss, and sometimes con- 
solidated by the infiltration of 
carbonate of lime into a hard rock 
containing land and freshwater 
shells. 

Similar clays hardened by infiltra- 
tion of iron oxide, later ite, occa- 
sionally sufficiently rich to be 
used as an ore of iron. 



‘ Records, G. S. I., Vol. XXIII, p. 78, and XXIV, pp. 99, 1,9, its. 


General Report for iSgg^jgoo. 
List of (concluded). 


33 


No, 


10 


Period. 


Description of beds. 


Lower 

Silurian 


Lower 

Silurian 


Tertiary , 


Devonian? 


Upper 
Silurian P 


Upper 

Silurian 


r 


White and yellowish sandstones 
with grey and brown clays and 
coal seams. 

Red and brown sandstones with I 
numerous bands of red clay and 
shale. Few fossils. 

Grey and olive shales with concre* 
tionary masses of dark blue lime* 
stone. Very fossil if erous. 

Thick beds of limestone generally 
siliceous, or calcareous sandstone, 
white or grey colours with subor- 
dinate bands of argillaceous 
shale or fuller’s earth, llie shales 
contain many fossils. 

Black calcareous shales with bands 
of hard black or dark grey lime- 
stone. GraptoliteSf etc. 

Soft yellow sandy shales and sand- 
stones with nodular beds of lime- 
stone. Trilobites, etc. 

Grey and olive green shales and 
limestones weathering into soft 
sandy shales. Many fossils. 


Flaggy limestones separated by 
bands of shale or clay, occasion- 
ally carbonaceous. Orthocsras, 
etc. 

Dark red calcareous shales with 
Echinospharttes Kingi and frag- 
ments ct crinoids. 

Massive and flaggy limestones 
traversed by numerous veins of 
calcite. 


Local Name. 


Namyao beds. 


Kyinsi beds. 


Maymyo limestone. 


J-Zebingyi beds. 


Naung Kungyi 
beds. 


Myaungbaw beds. 


Red crinoid beds 
( Pyinthu beds, 
Noetling). 

Sedaw limestone. 
(Mandalay limestone, 
Noetling. ) 


These beds seem to form a conformable sequence, but as each 
sub-division from the red sandstones downwards, has been greatly 
crushed, folded, and faulted and the dips often vary considerably both 
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in direction and amount within a space of a few yards, and, mote- 
over, this line of contact between any two formations is generally con- 
cealed, it is impossible at present to say whether there is any uncon- 
formability or not. No mesozic formations were met with. 

Geherally speaking there is a distinct zonal arrangement of the 
different formations, the oldest occurring along the western edge of 
the hills ; while as we proceed eastwards newer formations are suc- 
fcessively crossed. The general strike is between N.N.E. and E.N.E. 
but it varies greatly within short distances. This is also the general 
direction of the route taken, so that it often ran for several miles on 
one and the same formation. 

The most interesting of the new formations discovered are the 
black graptolite shales with the underlying trilobite beds of the 
2elingyi beds fNos. 5 s^nd 6). In the former graptolites are very 
numerous, often matted together on the surface of the layers. They 
appear to belong entirely to the monoprionidian order, no double 
forms being met with. They are associated with large numbers of 
another upper Silurian fossil, closely resembling, if not identical 
with, Tentaeulites elegans (Barr.) ; in fact the figures of this fossil 
in Barrande’s Silurian system of Bohemia, Vdl. III., pi. 14, might have 
been drawn from one of the Zelingyi shales. The trilobttes are not 
so easily identified, being all fragmentary, but one or two specimens 
of heads are almost certainly those oiJSucTtHurus punctaeus, Fenes» 
tella retiformit is also very common in these beds in one locality. 
The graptolite and trilobite beds are well seen in the railway cuttings 
on either side of Zebingyi Railway Station. 

The shales and limestones of the Naungkangyi beds (No. 4) 
contain large numbers of casts of Orthis and Slrophomena. Asso- 
ciated with these are numerous plates of a small cystirlean closely 
resembling Mimocystitis Bohemicus (Barr.) figured in Vol. VII^ pi. 
28, of Barrande's Silurian system of Bohemia. These belong to' his 
stage D„ corresponding to the Bala or Caradoc stages of Great Britain 
These beds are well exposed in the Goktei gorge between the 
84th and Seth miles on the cart-road. They also occur in the low 
hills about two miles north of Maymyo, 

The white siliceous limestones (No. 7) are the Inost widespread 
formation found along the route. They extend from near Thond- 
aung (Waboye) station about eight miles west of Maymyo almost 
without a break to the Salween, a distance of nearly 300 miles. The 
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6nlj fossils they contain are the casts of small gastropods and a 
bivalve resembling Ptertnea, but some shales found at Wetwun,. 
twelve miles east of Maymyo, and again on the railway two miles north 
of Gokteik station, contain a fair number of fossils, which await 
identification, and are probably interstratified with these limestones. 
The latter form the precipitous cliffs on either side of the Qok- 
teik gorge and about Lashio. 

(No. 8.) A highly fossiliferous band of shales is found overlying 
the white limestone, but the fossils from it have not yet been speci- 
fically determined. They contain a small Conocardium and numerous 
specimens of Pecten, also a small gastropod, perhaps 9 . M urchtsonia. 
They may be of Devonian age. These were found in two localities : 
first near the village of Kyankyau, at the 73rd mile on the cart- 
road, and again near Kyinsi, from which village I have named the 
stage, at t(he 123rd mile. These beds occur at the base of a great 
thickness of red sandstones and shales (No. 9) which are especially 
well seen in the railway cuttings along the valley of the Mamyao or 
Lashio river. Here I found a few fossils in them, but all in a very 
fragmentary condition.'' 

Mr, Middlemiss arrived at his working-ground in the southern 
Southern Shan States Shan States on the 7th December, and he left 

and Karennu j|. return to head-quarters on the 4th April 

1900. ^ 


Between those dates he was engaged in making a set of preli- 
minary geological traverses through parts of the southern Shan 
States and Karenni, the main object being to cover as much ground 
as rapidly as possible in the time available. 


Except for a brief tour by the late Mr. E. J. Jones in 1887. 
undertaken for economical investigations, the country was quite 
unknown in all details of its structure and stratigraphy. Mr. Middle- 
miss crossed the southern Shan States from Thazi as far east as 
Nongsewik (Long 97“ 45'). He then returned to Thamakan, and 
after working north fora short distance along the plateau, took a 
southerly direction to Loikaw in Karenni. From that point he 
carried a second cross-section through Karenni from the Salween 
river westwards to the plains again. The tour involved much hard 
and continuous marching. 

The whole expanse of the country traversed was found to be an 
elevated plateau complicated by E-W. crumplings of the strata 


D 2 
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and so giving rise to N.-S. hill ranges with longitudinal valleys 
between. The rocks naturally group themselves into N.-S. longi- 
tudinal strike-zones of different composition. Mr. Middlemiss recog- 
nizes the following: (i) a gneissic and melamorphic zone renting 
the Irrawaddy plain; (2) a great limestone zone, occupying the 
greater part of the plateau proper; (3) a purple sandstone zone, 
occurring along certain lines in zone (2) and inlaid with it, as it 
were; and (4) a zone of very young (subrecent to uppermost Siwa- 
lik) conglomerates, sands and loams, hardly disturbed at all, and 
occupying in the form of long strips certain of the broad flowing 
valleys of the plateau. 

The gneissic and metamorphic zone consist of mixed hornblendic 

and micaceous gneisses, resembling those of South India, with veins 

of intrusive granite, also of quartzites, black slates, and schistose 
slates. 

The limestones are the most characteristic rock of the plateau, 
and are dark or light grey in colour, frequently much brecciated and 
interbanded with many shales and marls. 

It is unfortun.ate that no recognizable fossils were found by 
Mr. Middlemiss except in the case of certain bands ofshaly limestone 
and marls in the hills between Hop6ng and M6ng Pawn. In the 
latter (well-exposed along the Government cart-road) sufficiently 
good specimens were obtained to show that they are of middle Pro- 
ductus limestone age (perraian). They are, therefore, probably a 
northern continuation of the Moulmein limestone. 

The purple sandstone zone with its shales, coarse conglomerates 
and coal beds, is thought to be younger than the neighbouring lime- 
stones. At the same time it has many points of resemblance to similar 
rocks east of Thibaw found by Messrs. La Touche and Datta in the 
northern Shan States. 

Owing to dense jungle in places, to absence of good sections 
(except along the cart-road), and to the nature of massive limestone 
rocks, to weather into slopes of structureless blocks, Mr. Middlemiss 
found that his rapid survey does not warrant him in attempting to 
put in their normal order either the rock zones themselves, or their 
several component rock bands. It would at present be impossible to 
exhibit them in a generalized section showing the relative age and 
sequence of each ; but it seems probable that their order in the section 
IS not a simple one due to mere gentle undulation of the strata. 
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During his tour Mr. Middlemiss visited and examined some lead, 
silver, and copper mines near Bawzaing and Myinkyardo ; some coal 
near Inwun, and lignite at several points in the Thamakan plateau. 
He also visited the green-stone ” tract on the Salween river near 
Namon,and found the stone (which is being collected as gems) to be 
green tourmaline with crystalline marble as matrix. 


2. Madras Presidency. 

During the season of 1899.1900 Mr. Smith was at work for five 
Mb. f. h, Smith. months during which time he reconnoitred an 

Ganjam. 3 ^ 3 . of some 7,500 square miles, comprising 

the whole of the Ganjam district, except a small tract to the 
extreme south round Chicacole and Parlakimedi, which had already 
been mapped by the late Mr. Fedden of this Department. 

The whole country is composed of two classes of rocks. By far 
Rocks. greater area is of crystalline igneous rock, 

into which bands of metamorphosed schist are 
folded. No unaltered sedimentary rocks are met with, but consider- 
able areas are covered, and some of the hills are capped with laterite. 

The foundation of the whole of the Ganjam district is a some- 

Crystairn^igmous. Complex mass of rocks of igneous 

origin. By far the greater part consists of 
garnetiferous granitic rocks or leptynites, of every variety of tex- 
ture, and of slightly varying composition, locally extremely crushed 
and foliated. Associated with these and interbanded with them is a 
scries of pyroxene-bearing rocks— charnockites which pass gradually 
from acid forms to the more basic. The latter only occupy very 
limited areas, but the more acid pyroxene rocks, which are also 
garnetiferous, are found over extensive areas, passing by insensible 
gradations into the main leptynite mass. 

Intrusive rocks of later age are not common, and ordinary trap- 
dykes are very rare, only a few small dykes of hornblende-diorite 
being met with in the hill tracts. In the Aska neighbourhood a 
fine-grained augite-biotite rock is found interbanded amongst the 
coarse crystalline rocks. It appears to have been originally intruded 
into the granitic rocks, and subsequently crushed and foliated with the 
surrounding rock. 
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The hands of schist have been derived from ancient sedimentary 
Schist rocks, probably ferruginous shaly sands and 

grits, which have been folded into the crys-^ 
talline mass. In places it is seen to be only slightly altered, but 
usually the metamorphosed rock is now a well-defined quartz-garne 
schist, nearly always containing sillimanite, ajid occasionally minute 
grains of graphite. 


Associated with the schist, and apparently the result of the 
mneral “etemorphjsm of calcareous beds amongst the 

ancient sediments, are several interesting bands 
of crystalline limestone, which are full of accessory minerals. The 
latter frequently increase to such an extent that the calcite is of rare 


occurrence amongst the yellow-red garnets, green diopside, felspar, 
scapolite, quartz, apatite, sphene, and tourmaline. No trace of 
corundum or its purer forms of ruby or sapphire can be found 
amongst these minerals. 


The junction between the schist and the granitic rocks is seldom 
seen, but when visible the schist passes over gradually into a more 
and more crystalline rock, until there is no well-defined boundary 
between the two series. It is remarkable that no intrusive granite 
is ever seen amongst the schist. 


The Ganjam district is not very promising from an economic 

BconcnUceeoUgy. ^ould seem to be the 

only mineral of possible value. 

Quartz reefs are practically absent throughout the district. 

Celd. Quartzose bands occur amongst the schists, but 

Mr. Smith was unable to find any trace of gold 
in any of them. None of the natives of Ganjam carry on gold- 
washing, and traces of the metal was met with in one stream only 
namely, on the Mahendragiri Mountain. ' 


There has for some time been an idea that sapphires were to be 
Safpiire. On Mahendragiri. In fact a few trans- 

parent and translucent sapphires of some value 
said to come from the summit of Mahendragiri, were sent into the 
office of the Geological Survey for identification. On investieatioTi 
it appears that a certain < Kabul merchant’ brought down a basketful 
of earth from a mound at the top of Mahendragiri and that on wash- 
ing this earth be extracted the sapphires. I have examined the 
mountain which consists of coarse granitic rocks. There is n 
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ira-ce of corundum or sapphire in these, and nothing cotld be found 
in the reraaius of the mound which the merchant Ich. It is probable 
that the merchant took the stones up with him, or he may possibly 
have been in the possession of information of a buried treasure. 

For some years native physicians have bought mica dug from 
small pits in the Russellkonda neighbourhood. 
Several veins of course micaceous granite 
are found in the jungles a few miles to the south-west of that town. 
Mr. Smith had several pits sunk on these mica outcrops with the 
result that crystals of somewhat crushed and earthy mica were obtained 
up to 5 inches in diameter. The coarse micaceous rock, however 
seems to be very inconstant and local in its development, and in the 
pits there was neither enough of the mother-rock, nor were the 
micacrystals large and pure enough to be of economic importance. 

The country surveyed comprised that part of the Vizagapatam dis- 
Dr T L WAJ.KER contained in the North-East quarter of 

The Hill Tracts of Atlas sheet No. Q3. Four rock groups w'ere 

Vizagapatam, recognised, as follows 

I. Hypersthene^Garnet Granites and Gneisses form the whole 
of the plateau of about 3,000 feet altitude. This rock formation is 
approximately bounded on the west by a line passing N.N.E. through 
Jeypore (E. Long. 82^38', N. Lat i8°5i'). Only about i^ooo square 
miles of this rock formation were examined, though it is known to 
extend for long distances north, east, and south. 

II. The Crystalline Schists occupy the level country to the 
west of the rocks of group I. To the north of N, Lat, i8°5o' these 
rocks are generally rather coarse biotite and hornblende gneisses, 
striking north-west, while to the south they are more varied, horn- 
blende and biotite gneisses and schists, potstone and quartzites. 
The strike of these southern gneisses is generally north-east. About 
1,200 square miles of crystalline schists were surveyed. 

III. Cuddapahs {?). — Poorly exposed and of a small area these 
rocks occupy the western and north-western part of the country ex-^ 
plored. Lithologically they are made up of purple and grey slates 
and shales, limestones semi-metamorphosed and lithographic, while 
near Tetulguma some well-defined conglomerates occur. At various 
points along the contact of the Cuddapahs (?) and the crystalline 
schists, hematite quartzites and quartzose rocks, which are possibly 
crushed conglomerates, occur. As similar rocks in India are at times 
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auriferous, I crushed and panned several sanjples, but without finding 
even the colour of gold. — No fire assays have been made with a view to 
settling the question as to whether these rocks contain gold or not. 

I\f. a much altered form occurs near Jeypore and 

also near Ramagiri, where it forms small hills whose geological rela- 
tions are not known— it is probably the youngest of the four rock 
groups and possibly forms dykes. 

Economic..— hou is manufactured in many villages in the area 
occupied by the crystalline schists. The iron ores are generally 
poor,— hematite quartz rock, hematite and nodular limonite being 
the ores commonly used. Potstone is used to manufacture idols, 
while some of the limestones will he of value for lime and for orna- 
mental purposes. The presence of rocks which may contain gold 
has already been referred to. 


3. Central Provinces. 

Part of a gap on the geological map of the Central Provinces 

Mr. p. n. Boss comprising the greater part of the Bastar State 

Bastar State. Surveyed by Mr. Bose. The area is situ- 

ated between Lat. 19® and 20°, and Long. 80® 
and 82 ; besides this some gaps which this officer left in last season^s 
maps north of Lat. 19® were also furnished. The area reconnoitred 
would be about 6,600 square miles. The greater portion of the ground 
--the entire country west of Long. 81 V-is hilly (the hills occa- 
sionally rising to over 3,000 feet above the sea-level), jungle-clad, 
very sparsely populated, and but little cultivated. 

The base rock is gneiss, usually of a granitoid character. Resting 
upon a denuded surface of it there occur— 

I. A transitional series of a pronounced Dharwar facies with 
hematite qartzite, as its best developed and most prominent member 
forming straight, deeply notched, sharp-crested, precipitous ridges 
running along the strike. The rocks cover a very small area and are 
met with as fragmentary patches having been extensively intruded 
through by basic igneous rocks since their elevation. The strata are 
much disturbed ; the strike, usually N. S., is, at places, twisted about, 
and the dip not seldom borders upon the vertical, 

II. Rocks lithologically similar to those of the Chhattisgar basin 
and referable to the lower Vindhyan horizon. They cover almost the 
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entire country between Lat. i8° 55' and 19® 30^ and Long. 81® 35' 
and 82® 5'. They consist of : — 

{a) Basal sandstones, often more or less quartzitic and gener- 
ally coarse, the bottom beds being usually massive and 
conglomeratic. They as well as the superincumbent 
shales (3) are nearly horizontal or roll about slightly. 
AtChiterkot (Lat. 19® 12', Long. 81^45') there are 
exposed some 130 feet of them with interstratified 
lenticular bands of dark shales. 

(i) Reddish, dirty grey, and buff shales (with intercalations 
of sandy beds) often passing into limestones. On the 
assumption of horizontality, their maximum thickness 
may be estimated at about 200 feet. 

W Upper sandstones, quartzitic and fine grained. They are 
as a rule nearly horizontal, but, at one place, were 
noticed to be highly disturbed and faulted against the 
gneiss. They overlap the shales (3) on to the gneiss. 

In the hill country west of Long. 81® 30' there occur several 
considerable patches of excessively coarse, massive conglomerates 
overlaid by quartzitic sandstones and shales— an assemblage of rocks 
not unlike the lower Vindhyans mentioned above, but differing from 
these in being intimately intermingled with contemporaneous trap- 
pean rocks and in presenting features of greater disturbance. 

Besides limestones of good quality in the lower Vindhyans, and 
rich and extensive deposits of iron-ore, especially in connection with 
the hematite-quartzite of the transitions, the only mineral of eco- 
nomic importance which was met is mica. Two veins of muscovite 
were discovered within very coarsely crystalline granitoid rock in 
the bed of the Baordhiy river south of Jungani (Lat. 19° 45', Long. 
81° 430* largest size of plates found measured about 5 inches 

in length. Being from the surface, however, they are much weathered, 
cloudy, and cracked. Four miles further south, nests and small 
veins of muscovite associated with vein quartz abound in coarse, 
much decomposed granitoid rock. 


4. Punjab. 

The relations of the upper Palaeozoic to the triassic beds of 
the Salt Range is of such importance and of 
such close bearing upon Indian geology gener- 
ally that it became desirable to revise some of 


Dr. F. Nortung. 
Salt Range, 
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the work done already by Messrs. Wynne and Wa^gen in past yeafd 
and to supplement it by further researches. The late Professor 
WaageOj who had described the fossils collected in 1S72, had come to 
the conclusion that not only a great gap existed in the sequence 
between the permian and triassic beds, but that there also existed a 
great difference between the fauna of the Salt Range and that of 
the Himalayan trias. According to Professor Waagen this difference 
is chiefly proved by the absence of the genus Otoceras^ which he 
stated positively does not occur in the Salt Range, 

Dr, Noetlinghad frequently expressed his doubt about the correct- 
ness of this view. He stated that as far as he could judge from a 
flying visit paid to one of the triassic outcrops in the Salt Range; 
there existed a perfect passage between the topmost permian beds 
and those which were considered to be of triassic age, and conse? 
quently the Octoceras beds which form in the Himalayas the base 
of the triassics must, in his opinion, be represented in one way or 
another. Dr, Noetling felt inclined to consider some unfossiliferous 
beds at the base of the triassics in the S^lt Range as the equivalents 
of the Octoceras beds. 

In order to decide this question Dr. Noetling was deputed to 
the Salt Range, where he examined some of the most important 
sections near Virgal and Chidru, with the result that it was proved 
that his supposition of the existence of a gradual passage between 
the permian and the triassic beds was fully confirmed. Professor 
Waageu's hypothesis of a break in the sequence fell to the ground 
as it was plainly and flatly contradicted by actual facts. Shortly after-p 
wards Dr. Noetling reported that he had discovered Otoceras sp. 
in several specimens, but to his greatest surprise not at the base 
of the Ceratite formation as he expected, but right in the middle 
of the Ceratite marl. Thus proof was given of the most important 
fact that not only did the genus Otoceras exist in the triassic 
beds of the Salt Range, but that the whole of the Ceratite mar) 
to which a much higher position was attributed by Professor 
Waagen must be considered to be the equivalent of the Otoceras beds 
of the Salt Range,^ 


Dr. Noetling examined also the permian system, and he discover- 
ed that the main layer of Xeno discus carbonartus^ Waagen, was not, 
as supposed by Professor Waagen, high up in the upper Productus 

1 It IS nepessarj to state that the species of Otccfras referred to ditEers from the Himalayan 
forms of Otoceras in some characteristic detaUs, if indeed it can be referred to this genus. It » 
certain, houever, that it is closely allied to it. (Director.) 
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limestone, but about 500 feet lower down, near the top of the middle 
Productus limestone. This is also a. very important discovery, 
inasmuch as it will materially help towards the correlation of certain 
beds in the Himalayas. Dr. Noetling holds that the trias (ceratite 
beds) of the Salt Range and the Productus limestone must be 
considered as subdivisions only of one and the same series, because 
the gradual passage from the lower beds full of palaeozoic 
brachiopoda to the upper beds in which the ammonites occur makes 
a stratigraphical subdivision into two great periods an absolute 
impossibility. The following table shows the sequence of beds 
according to Dr. Noetling's view, in descending order: — 



German. 

Salt Range. 





Baktrian. 

Upper cera- 
tite limestone 

Zone of Siephaniies superbus, Waagen. 




Ceratite 

marl. 

Zone of Flemingites fiemingianus^ 
Waagen. 


u 

(U 



Zone of KontnckiUs volutus, Waagen. 


2 



Oboceras- Zone of Prionolohus ro^ 
beds. iundatusyV/aa^en. 



Sindian. 

Lower cera- 
tite lime- 
stone. 

Zone of Celtifes spee. 

in 

a 

8 


Upper pro- 
ductus 
limestone. 

Zone of Euphemus indicus, Waagen. 

Zone of Derby ia hem%sphatrica,yN 

z. 

q> 

.£ 

C 

’C 

4>* 



Zone of Productus lineatus, Waagen. 

Id 

s 

a , 

■ciS' 

1 

lU 

N 


Middle pro- 
ductus 
limestone. 

Zone of Xenodiscus carbon arius, 

Waagen. 

Zone of Lyttonia nobiUs, Waagen. 

Zone of Fusulina katfaensis, Waagen, 

cd 



Lower pro- 
ductus 
limestone. 

Zone of Spirifer marcoui, Waagen. 

§ 

cd . 
O 4 tn 

- 1 
SQ 

s 



Lavender Clay unfossiliferous. 

'd 

c 

9 

bo 

1 

Dravidian. 

S p e c k 1 ed 
sandstone, 

Bivalve beds. 

Speckled 

sandstone. Zone of Conulatta laemU 
gate, Morris. 

S 

u 

Od 



Boulder bed. 
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5. Himalayas. 

The description of the large Himalayan collections, especially of 
Kouaon. upper trias, had made it most desirable that 

localities in the Kumaon Himalayas 
should be re-visited, and accordingly Mr. 
LaTouche was deputed to the upper Lissar valley, whilst Mr. Smith 
was charged with the detailed work in Byans and the Kuti Yangti 
valley. Dr. Walker was sent to the Chitichun « Klippen ’’ north- 
west of the Milam passes. The season proved an unusually un- 
favourable one and severe weather with snowfalls impeded the move- 
ment of the three parties considerably. Dr. Walker had to close his 
field-work very early owing to severe indisposition. However, the 
results are very commendable and very good collections have been 
made by these three officers, which will be worked out in due course 
Survey work was again taken in hand in Spiti during the hot 
Spin. season of 1899. Hayden and Dr. von 

-ndoA were posted to that part of the Hima- 

o -nu reached the Spiti valley on the 

. e®rly part of the season was devoted to joint 

wL 1 t' collection of fossils 

th^f. t- on the work was divided between 

these two officers, and each has given a progress report on his share 

work rem^’n* ^ i! finished, only a few months 

With the exception of some almost inaccessible parts of the 
ZSTaf K ‘he former 

td HLdesinrR;^^^^^^^^^ 

„ great detail 

as the time available would permit, and collections have been made 

from several fossiliferous horizons. The results show that all the 
systenisfrom upper Cambrian to cretaceous are probably represented 
m Spi t and Bashahr. Considerable attention was paiS to the 

than has hithe '^hich has been found to be more complete 

than has hitherto been supposed to be the case in the Himalayas. 

Certain sections which have as yet been only cursorily examined. 
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promise to yield important results, chiefly with regard to the extent 
of the permian and carboniferous systems, and when these have 
been worked out it is hoped that it will be possible to publish a fairly 
complete memoir on this area. 

The following are a few of the more important results obtained 
by the Spiti party : — 

(1) A trilobite fauna of upper Cambrian age has been found 

in the Parahio valley. 

(2) An important unconformity has been proved to exist 

between the Cambrian and Silurian systems. 

(3) Upper Silurian fossils have been found in Spiti and 

Bashahr. 

(4) A great system of limestones overlain by shales and 

quartzites — including beds of upper carboniferous and 
permian age— has been found near Lio in Bashahr. 
This system is not known to attain such full develop- 
ment in any other part of the Himalayas, 

(5) Large collections, including many new forms, have been 

made from the lower trias beds and have been worked 
out by Dr. Krallt. 

(6) The muschelkalk, from which several forms new to the 

Himalayas have been obtained, has been found to 
extend both upwards and downwards further than 
had hitherto been suspected. The lowest bed in 
which fossils occur contains a very interesting ammo- 
nite fauna. 

(7) The upper muschelkalk passes up perfectly gradually into 

beds of ladinic age, with Daonclfa lowmeli^ Wiss., and 
there is no trace in Spiti of a break between the 
muschelkalk and the upper carnic stage. 

(8) No break of any kind has been found in the triassic bedsj 

but there appears to be a perfectly gradual passage 
from lowest trias to Jurassic. 

(q) The uj)per trias beds are of great thickness and contain 
numerous fossiliferous horizons, many of which can be identified 
with those found by Mr. Griesbach and Dr. Diencr in the Central 
Himalayas. 
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In the following table will be found a rough classification 
sedimentaiy rocks of Spiti and Bashahr 


of the 


SpiH, 

Fossil contents. 

Other parts 
of the 
Himalayas, 

Europe, 

Black (Spiti) shales , 

■ Upper Jurassic ammon iies. 

Spiti shales. 

Upper j’urassh 


Grey and black earth 
limestones, passinj 
up grradoally intc 
the Spiti shales. 

y Stepkanoceras cf. ecronaio^ Brag 
> Spmf(nrinatt,ohtus€B,0^p, 
{.nSpirigera natlingii, Bittn. 

Megalodon ladakhensist Bittn. 

'« 

Dachstein Kalk 
in part. 

Dogger. 

(?)Liaa. 

(?)Rh^tic. 

■I 

4,1 

b. 

u 

o. 

o. 


White and brown 
quartzites, black 
Shales, and hard 
grey limestones. 

Aulacothyris joharensis, Bittn. 
Lima cumanica, Bittn. 
Spiriferina griesbachi^ Bittn. 


Brown-weathering, I 
sandy, and shaly 
limestone, sand- 
stone and dolomite. 

Spifijerina grmbaehu Bittn, 
Anodontopkora griesbacki, Bittn. 
AulocothyrisfoharensiSi Bittn. 
Disiichites, n. sp. 

MonoHs salinarittf Br. 

Spirigera dieneri, Bittn. 

“Sagreni tes 
beds." 

Gsral limestone. 

Sphi/erina griesbachi, Bittn, 

Rhynchonella bambanagemis, 
Bittn, ' 

L i m es tone 
with Spifi/rriita 
griesbachi,** 

Brown- weathering, 
sandy, and shaly 
limestones; sand- 
stones and shales, 
with black splintery 
limestones. ^ 

Paratihetites tornquisH, E. v. 
Mojf. var , 

Juvofoiiei aff, ehrlichi, v. Hau. 

'Halorites beds” 


'))Haueri6es n,f, ind, E. v. Mojs 

’^araHbetites aff. tornguisH E. v. 
Mojs. 

H a u 6 r ites 
beds,’* 

Dolomitic limestone. 
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F6ssil dotftefits. 


cf- iubbullala, E. v. 

grey shaly lime- Mojs. 
stones^ and calca^ 

reous shales. Tropties ad. JiseoiultaUi E. v. 
Mojs. 

Clydonautilus ffriesbachi, E. v. 
Mojs. 

*^w?'th“sh4?y“S skahkalmHs. Bitta. 

Stone pdrtings. Rhynchonella lankana, Bitta. 

3 oanniies cynkbiJormiSf W. 

Trachyceras cf. etomides, E. v. 
Mojs. 


Other parts 
of the 
Himalayas* 


Europe^ 


rDaonella beds” 




Da^nalla lommolip Wis 9 « 


Black shaly lime- 
stones. 


Grey and black coii- 
crctiunary lime- 
stones with thin 
shaly partings. 


Daonella indica, Bitta, 
pp lommcli, Wiis, 
Gymnites eckip E. v. Mo}s. 
Trachyceras ladinum, E. v. Mojs. 
Proarcestes bicinctUSp E. v. Mojs. 
Ptychites gerardi, Blanf. 

Ptychiies rugiferp 0pp. 

Cer antes inuillerip 0pp. 

Sp ififerina siracheyeip Salt. 
Ceraiites subrobusiuSpZ. v. Mujs. 
Sibirites prahladop Dien, 
DanuhiUs kansa, Dien. 


Nodular limestone. Very poor in fossils. 


Age uncertain. 


Grey, earthy, and con- 
cictionary lime- 

stones and shales. I 


Hedmstrataia «»<!7SKowVif,Dieii. «Subrobustus 
Danubites nivalis, Dien, beds,” Dicner. 
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Spiti. 

Fossil contents. 

Other parts 
of tne 
Himalayas, 

Europe, 

Black Hmestonesanc 
shales* 

1 Proptychites ammonoides, Waag 
Miikocerasi n. sp. 

Ophiceras sakuntaloi Dien. 

Otoceras beds. 
Griesbach. 

Lower trias. 

Black sha'es. 

Xenodiscus carhdnartm, Waag. 

Cyclolobus oldhatni, Waag. 

Brachioboda of the ** Productus 
shales.' ’ 

■ 



Calcareous sand- 
stone or sandy 
limestone^ under- 
lain by grits and 
conglomerates. 

Spirifer musakheylemisy Dav. 
Aihyris gerardi, Dien. 

Produtius f urdonU Dav. 

H 


« 

< 


Mariinia gla bra^ Mart. 



3 

as 

u 

a« 

Alternating beds of 
shale and quartzite. 

Bryoeoa tFenestella, etc.) badly- 
preserved brachiopoda. 

(?)*^ Zewdn beds" 
of Kashmir. 


n 

s 

e 

0 

3 

Limestones, slates, 
and quartzites. 

PHI lip, ia cl. elif/ordi, Woodw. 

Phynchonella cf. phwodon, Phill. 
Derby ta sp. 

Syringothyrii sp. 


1 o 

06 

g 

95 

O 

n 

os 

< 

U 

Grey limestone, 

often oolitic and 
crinoidal. 

Prcducius sp, 

Aihyris sp, 

Syringoihyris cf. cuspidatce, Ma'-t 
cf . distan s, S ow. 

Uppff carbo- 
niterous, ba, 
Mem, G. S. 1., 
Vol. XXIIl. 

Grie&bach- 



White quartzite. 

Apparently unfossiliferous. 

Carboniferous. 



Grey siliceous lime- 
stone, weathering 
brownish led. 

Fragments of criiioids and bra- 
chiopods. 

Red crinoid i 

limestone." 
Griesbach 

(?) Devonian. 

Limestones, marls, , 
and slates. 

HalysUes catenularia, Luck- 
Calymene sp. 


Upper. 


Red gritty quartzite, . 
Underlain by con- 
glomerates. 

Apparently unfossiliferous. 

( 

,?) Lower. 

06 

D 

(n 
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Spiti, 

Fossil contents. 

OiAer parts 
of the 

Himalayas* 

Europe* 

Slates and quartsites, 
y th thin tjaods of 
oolomite. 

PtychopoHa sp. 

sp. and other upper 
Cambrian trilobites. 


Upper. 



Red quartz-schistsj 
slatesi and carbo* 
naceous shales. 


Upper. 

i 

B 

IS 



as 

< 

S 

n 

Quartzites and slates. 


Middle. 

B 

*3 

X 



6 


6.— Sind. 

As a considerable difference of opinion existed with regard to 

D.. turz 

Mr. e. Vremnburg. and bind, Dr. Noetling was deputed during 
the second-half of the season to Sind, where 
he was later on joined by Mr. Vredenburg. 

Dr. Noetling thoroughly examined the northern part of the Laid 
range, while Mr. Vredenburg studied the country in the neighbour- 
hood of Ranikot. Later on the party examined the country between 
Jhirrak and Meting. Though only a comparatively short time could 
be devoted to these researches the results obtained are very im- 
portant, and the view which Dr. Noetling held with regard to the 
middle eocene of Baluchistan — namely, as being an equivalent of 
the Raiiikot group — has been fully proved to be correct. Dr. Noet- 
ling and Mr. Vredenburg brought together a splendid collection 
of fossils, and though a considerable time will elapse before these 
will be described, the systematic researches of these officers have 
shed quite a new light on the stratigraphy of Sind. As the eocene 
was chiefly examined, these new observations concern of course 
that sub-division of the tertiary system only, and according to 
Dr. Noetling the sequence of the eocene is as follows in descending 
order;— ® 


NaRI* GROUP • 


Zone of Ceriihium^ spec. nov. 

» j i6 Zone of Eufatagus d’Arch. 

C 15 Zone of EchtnolamJ^it ^ '^iscoideiiSt Dup. 
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Ranikot-<3rouf .. 


Lower Eocene 


•{ 


Upper Cretaceous 


14 Khirthar limestone. 

13 Zone of Anomiiii spec. nov. 

12 Zone of Cafdita.^ spec, nov 
1 1 Zone of FugnelluSf spec. nov. 

10 Zone of Nummulites granulosus, 

9 Aheolina limestone. 

8 Zone of M acropneustcs speciosusy Dup. 

7 Zone of Gen. nov. spec nov. [Rosiellariai spc c* 
Bland.) 

6 Unfossiliferous sandstone. 

5 Zone of Ostrea lingua (?) 

4 Basalt. 

3 Zone of Turritellaf spec, novi 
2 Zone of Cardita beaumonti, 

1 Nodular limestone. 


The above sequence differs considerably from that first established 
by Dr, Blanford. In fact it appears that Dr. Blanford mapped 
as Khirthar limestone (upper eocene) a considerable part of the 
limestone which in the above sequence appears as No. 9 below 
the Ranikot -group. 

If we consider the limestone No. g, which Dr. Noetling calls 
alveolina limestone, to be an equivalent of my alveolina limestone 
of Baluchistan, the sub-division of the eocene both in Sind and 
Baluchistan is precisely alike, namely 


Sind. 

Khirthar limestone. 

Ranikot-group. 
Alveolina limestone. 


Baluchistan. 

Upper eocene limestone (Sp’mtanpri, 
Oldham). 

Middle eocene shales. 

Lower eocene limestone (alveolina 
limestone). 


7,- Baluchistan. 

After returning from the Seistan Mission, which Mr. Vredenburg 
Mr. E. Vredenburg. accompanied during the season 1898 to 1899 (see 
last year’s General Report, pages 63, etc.), this 
officer was deputed during the hot months of last year to the Kojak 
range and the Toba plateau in Baluchistan to study the peculiar Kojak 
formation in greater detail and to compare it with the south-western 
extension of it, which he had already met with during his Seistan 
tour. The full report on this survey, it is hoped, will appear when 
some gaps in the geolo^cal maps east of this area are filled in and 
when it will be possible to bring out a volume descriptive of the 
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geology of Baluchistan and compiled by the several observers who 
have worked out the details of it. Regarding the Kojak range 
Mr, Vredenburg writes in his official diary ; — “ * * * I had 

stated that the broad range east of Nushki, consisting of many 
parallel ridges, which is the southern continuation of the Kojak or 
Khwaja Amran, consists of two different systems of strata : the 
western margin of highly cleaved slates with narrow beds of sand- 
stone, and with much vein-quartz, I took at first to be some palaeo- 
zoic rock ; afterwards absolutely similar rocks were found to be 
highly metamorphosed eocene. All the eastern portion of the range 
consists of sandstones and shales in which I found no fossils ; they 
are much folded, but neither cleaved nor metamorphosed like the rocks 
along the western margin and contain no quartz-veins. I met 
with similar rocks, always unfossiliferous in several places in the 
desert, and have several times altered by opinion as to their age, 
owing to the disconnected and unmethodical manner in which this 
season’s work was unavoidably performed. In the present instance 
a careful examination of the section from Nushki to Kishmgi 
showed that the one type of rock passes quite gradually into the 
other; the slates along the western margin are merely metamorphos- 
ed representations of the shales which constitute the eastern ridges. 
A few bands of limestone with crushed fossils occur indifferently 
in the slates and in the unaltered shales. On closer inspection 
It was found that the calcite veins common in the unmetamorphosed 
shales exist in the slates as well ; the quartz-veins arc restricted 
to the slates and are a result of metamorphism. In some portions 
of the Kharan hills, where the rocks were locally less disturbed 
than usual, they assumed the same facies as these shales and 
sandstones, and in this case a few fossiliferous beds contained «a»j. 
mulites. It may, therefore, be regarded as established that these 
rocks are eocene ; they owe their peculiar facies to a greater develop- 
ment of the arenaceous element or a dwindling of the limestone ; 
they would correspond probably to the Ghazij division ^ of 
Mr. Oldham. Such a conclusion simplifies the interpretation of 
all the regions where these rocks have been observed. The 
same rocks are the only ones 1 have met with, so far, in the 
Pishin district. I have examined nearly all the valleys that des- 
cend from the Toba plateau to the north-west, north, and north- 
east of Pishin. The rocks are quite similar to those met with 

> Middle eocene^ Gi iitsbach. 
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between Nushki and Kardagap ; the strata are generally somewhat 
gently undulating, but, just as in the Nushki region, the folds 
become sharper and slaty cleavage sets in as the Kojak range (or its 
northern continuation) is approached. * * At the time of my 

first visit the range east of Kardagap (southern continuation of the 
Ghaziabad range) was crossed along the ^ Kurd Barak * pass, where 
the rocks were almost entirely concealed. On the present occasion 
I crossed it further south and was able to observe that it consists 
almost entirely of massive nummulitic limestone with some very 
subordinate shale bands. It is flanked by siwaliks on either side.’’ 
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p^t in. 

i^rogress Reports of Ojfcers 6f the Geological Survey of India 
for the year xSgg^igoo. 


Note on the Auriferous reefs of South and South-East WainSd, by 
H. H. HaydeNj B.A., B.E., Officiating Deputy Superintend 
denty Geological Survey of India. 

During the past few months an examination, on a small scale, 
has been made of the more important reefs in 
South and South-East Wainid, the general 
results of which tend to show that the majority 
of the reefs are probably too poor in gold to offer any prospects of 
remunerative working ; yet it is possible that one or two may prove 
sufficiently rich to justify mining operations, provided these are 
carried on judiciously and under strictly expert supervision. This 
opinion, however, is given with considerable diffidence, for the scale 
on which the examination has been carried out was so small, as to 
render it a matter of extreme difficulty to arrive at any reliable 
conclusions as to the average value of a given reef. This difficulty 
is intensified by the fact that the gold appears to be most capri- 
ciously distributed. Till, therefore, trials on a considerably larger 
scale have been made, any recommendation as to the advisability or 
otherwise of the resumption of mining operations would seem hardly 
justifiable. Many of the reefs, however, have yielded consistently 
poor results, and of these it may be safely assumed that they are not 
likely to be worth working : but a few have given results ranging from 
over an ounce to a few grains of gold per ton of ore, and these results 
should warrant the undertaking of more extensive investigations. 

Auriferous reefs occur both in South and South-East Wainid.i 
In the latter area, however, they are by far the 
. more numerous, and are to be found chiefly in 
the neighbourhood of Ddvdla and Pandalur. Most of these reefs 

» King, Rec. G.S. I., Vol. VIII, a (187s). 

„ Vol. XI, 3 (1878). 

Brough Smyth : *'Tbe Gold Mines ol the South-East Wain&d and Carcoor Gh&t.” (18S0.) 
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have been re-examined, but in the present short note it will be 
sufficient to mention only those which have yielded an appreciable 
amount of gold. 

The most important of those near Dev^la are found on the edge 
of the ghit between Sulimalai (Hill) and Nadu- 
ShuUreef. gini, and include those formerly known as 

the Skull, Bear, Cavern, Kurambar, and Hamlin^s reefs. Of these the 
Skull reef is the only one which has yielded more than a small 
percentage of gold. It was worked to some extent by the Alpha 
Gold Mining Company, and numerous drives and adits are still to be 
seen, though in most cases, owing to the heavy rainfall on the edge of 
the ghS.t, they are more or less blocked up by the falling in of the roof. 

The reef is composed of white quartz containing highly pyritous 
bands of varying thickness, and it is in these bands that most of the 
gold is found, the white non-ferruginous quartz being almost barren. 
The casing, which is formed of a more or less brecciated mass of 
quartz, talcose, and schist, and decomposed iron ores (now chiefly 
limonite or haematite), is also frequently rich, but its thickness is 
usually only a few inches. 

The following list contains the results of a few tcat^ made on the 
Skull reef : — 


Number. 

Locality. 

Amount 

crushed. 

Amount of gold 
to ton of ore. 

Poi tion of reef 
represented. 

1 

Kurambar tunnel 

6oolbs. 

oz. dwt. gr. 
01 13 

Whole reef. 

2 

S« E. end. 

Open quarry west 

93 lbs. 

0 0 i8’5 

Ditto. 

3 

of Alpha Com- 
pany’s bungalow. 

No. 9 adit • 

ylbs.* 

0 13 I 

Ferruginous poition of 

4 

Ditto 

Gibs.* 

oil 16 

reef, a feet thick. 

Ditto. 

5 

Ditto 

ylbs.* 

03 8 

Whole reef. 

6 

No. 7 adit • 

7lbs.# 

Traces. 

Ditto. 

7 

Ditto • 

Gibs.* 

17 6 7 

Upper part of reef (one 
feet six inches thick) 
and casing. 

8 

Ditto « . 

ylbs.* 

. 0 0} 

9 

Ditto * 

5lbs.* • 

4*16 dwts. 

Ditto. 

10 

Ditto . « 

j ylbs.* 

8-93 >. 

Ditto. 


* Taken by eamplin^ from a mass of about 200 lbs. 
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The results obtained from the Bear, Kurambar, and Hamlin’s reefs 
were all small, the highest being from the 
Bear reef. Kurambar reef, vie., 4*66 dwts. to the ton. None 

of these reefs have been exploited to any extent by the Gold Mining 
Companies, but the Bear reef was worked by the old native miners, 
who furrowed out small tortuous passages along the reef in order, 
apparently, to get at the casing. A small adit of about 30 feet m 
length represents the only mining done by Europeans. In this a,dit 
is a small leader— six inches thick— of highly pyiitous ore, which 
yielded gold at the rate of 10 dwts. to the ton. 

Hamlin’s reef was formerly mined to some extent, but almost all 
the old workings have fallen in. One adit is 

Hamlin’s reef. gggjj ^ leader 

only having been opened up. This leader is ten inches in thickness 
and contains visible gold. Seven lbs. of quartz from it was taken 
out of a mass of about isolbs. and yielded gold at the rate of two 
ounces to the ton : the sample treated showed no visible gold. 

The Kurambar reef has also been opened up by a small adit. 

Two samples of quartz taken from this adit 

Kurambar reef. gave— 

1. Trace of gold : from 7lbs. of ore. 

2. 4'66 dwts. to the ton. 

The results obtained from most of the other reefs in the neigh- 
bourhood of D^vdla were poor, usually about i dwt. or less to the 
ton. 

Of the reefs in the neighbourhood of Pandalur, those on the 
Richmond and Phoenix Estates have been 
Richmond. milled ; the former, which is seen near the 

Richmond tea-factory, has been opened up by an adit about 300 feet 
long, from which small drives have been run along the reef, which 
is here about four feet thick and carries a band of highly pyrltous 
ore : the thickness of this band is about one foot. Two samples 
treated gave respectively i oz. 7 dwts, 4’8 grs., and si dwts. of gold 
to the ton of ore. 

The largest mine in South-East Waindd is that on the Phoenix 
Estate. The reef has been worked on three 
Bhanix. different levels, and the mine while under 

expert management is said to have paid expenses, work having even- 
tually been stopped by the orders of the Government of India, in con- 
sequence of the frequency of accidents which resulted in the death 
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of several rative miners. The ore, however, appears to be of qnittf 
a low grade, yieldi;ag only about 2 dwts« of gold to the ton. The gold 
is very finely divided, but appears to be distributed fairly regularly 
throughout the greater part of the reef, though richer bands with 
much pyrites occur in places. The reef, which has an average thick- 
ness of about four feet, has been proved over a considerable area. 
Geology <if South-East The rocks of South and South-East Waindd 
fall roughly into seven classes, wa.— 


Waindd* 


1. The charnockite series. (Acid, intermediate and basic varieties.) 

2. Hornblendic rocks, associated with the chamockites. 

3. Biot ite gneiss. 

4. Biotite granite. 

5. Pegmatite veins. 

6. Younger basic dykea 

7. Quartz reefs. 


Charnockite, 


The chamockites form the mass of the Nilgiris bordering oti 
Waindd, and are found at various points intru- 
sive in the biotite gneiss, forming in fact most of 
the more striking hill nrassesin South and South-East WainSd. On 
their borders, and apparently connected with them, occurs a series 

, of hornblendic rocks, often resembling old 
HornhUndtc rock, 1 . , , a j 

basic dykes, now represented by pure horn- 
blende rocks or epidiorites ; these too contribute some important 
features to the landscape. 

The biotite gneiss is everywhere soft and highly decomposed. 

. . In South-East Waindd it is usually more or less 

10 gnetss, hornblendic, probably owing to the numerous in- 
trusions of charnockite. It is, as a rule, the country rock in which 
the quartz reefs occur, 

Biotite granite^ strongly resembling the ‘‘dome gneiss*' of 
Haz^ribagh, occurs at Sultan's Battery and 
Kalpata Hill, and is probably connected with 
the numerous veins of pegmatite found throughout WainAd. 

The pegmatite veins which appear to run more or less at right 
angles to the quartz reefs, i.e.y practically 
parallel to the strike of foliations of the country 
rock, are composed of great masses of quartz and felspar with fairly 
large crystals of mica : the only other mineral hitherto indentified in 
them being garnet, which is not common. The 
mica, which is “ruby" mica, is of excellent 


Bioiite granitf. 


Pegmatite, 


Mica, 
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quality, occurs in considerable masses, and crystals of over a feet x 
a feet have been found. Mining is being begun on a small scale, but 
at the time of my visit amounted to little more than a few scratch ings 
of the surface : but there is good reason to hope that before long 
mica mining will prove an important and prosperous industry in 
Wain^d* 

^\i^youngtr basic dyies\\^vei been found only in two localities 
in South Waindd, and consist of fairly fresh 
Dylm. approaching dolerite in composition. 

In most cases the country rock in which the quartz reefs occur 
is biotite or hornblendic gneiss ; it is always 

»Couvtry»roc\. decomposed to a depth of a hundred feet or 
more, and is so soft that it can be readily dug out with a pick, and 
blasting is almost unnecessary. Tunnelling is therefore easy and 
rapid, hut this advantage is considerably discounted by the fact that 
the softness of the rock necessarily involves very extensive timber- 


Most of the reefs are found cropping out on the edges of the ghats 
and can therefore be worked down to a depth 
BacU^ for mining, q£ ggygral hundred feet by means of adits run 

in from the hill sides. 

Timber is no longer available in the immediate neighbourhood 
of the veins, but could be obtained in large 
Timber. quantities from the forests at the foot of the 

^ With the exception of that on’ Richmond Estate, all the reefs 
mentioned above are situated near perennial 
streams, and water-power sufBcient to run a 
considerable amount of machinery would be obtainable ; this would 

of course involve the construction of dams. ^ 

Labour, at the rate of four annas per diem, is said to be aval able 
in large quantities in the neighbouring taluk 
Labour. (Erndd taluk of Malabar). 

Much of the road from the nearest port and Railway station, 
Calicut, is in a hopeless state of disrepair and is 
Roads. impassable for wheeled transport 

dutins the monsoon. The worst portions, however, are being taken 
over by the Government and will probably in the course of a year 
or so be restored to their former excellent condition. 
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So much for the natural conditions, which bear on the question 

, , . of the success or otherwise of mining operations 

in Wainad, One point, however, still remains 
to be considered, vis.y the question of land tenure, and of such vital 
importance is this, that it has seemed advisable, even in the present 
short note, to enter into the matter at some length. 

In South-East Wainid, owners of all lands may be divided roughly 
into two classes, 

A. The Government of India. 

B. Owners other than the Government of India, An owner of this latter 

class is termed a ** private jaumi,” 

In the first case the Government of India is the absolute owner. 
In the second case, the lands are held by the owner oxjaumt subject 
to a tax or rent known as assessment. 

(i) Lands included under class A, lands of which the Government of India 
is the jaurai, when taken on lease, are subject to the following charges ; 

(a) Assessment, paid on the whole or only a portion of the land, at rates 
varying from six pies to two rupees per acre according to the quality 
of the land. 

{b) ^auma-bogum or rent, usually at the rate of eight annas per acre. 

The payment of the above charge is made of course to the 
Government of India. 

( 2 ) Lands held on lease from a private jaumi (class B) are also subject to 
similar charges, 

(а) Assessment^ at the same rates as above, paid to the Government of 

India, by the occupier^ whether he be the owner (jaumi) or a tenant 
(" patadar*’), 

(б) Jauma^bogum or rent, paid by the tenant or lessee to the private jaumi 

at such ratee as may he fixed by private arrangement between the 
parties concerned^ 

All lands held for purposes of gold mining, whether held directly 
under the Government of Indiaj or on lease from a private jaumij 
are subject to a Government royalty of 7^ per cent. 'of each year’s 
net profits. 

In the case therefore of lands of which the Government of India 
is the jaumi, \)a&maximum charges to which they will be subject may 
be estimated at about R 2*8 per acre, plus a royalty of 7^ per cent, on 
the net profits of mining operations, while, on;the other hand, lands 
held under a private jaumi will still be subject to assessment (at a 
maximum of R2 per acre) and a royalty of 7^ per cent, on net 
profits of mining, and, in addition, rents or other charges (such as 
royalties, etc.,) at a rate to be arranged between the private jaumi 
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and the intending lessee, and as most of the auriferous lands of 
South-East WainSd belong to large native landed proprietors, who 
naturally wish to make the terms as profitable to themselves as 
possible, there is some danger that they may refuse to grant leases 
except on prohibitive terms, thereby putting a veto on all mining till 
they can be induced fco accept more reasonable offers. This danger 
indeed seems imminent at the present time and if allowed to con- 
tinue will seriously affect the new and promising mica-mining 
industry. 


♦ 


Preliminary Report on the Auriferous tract «« the Wuntho District in 
Burma, by G. A, STONIER, A.R.S.M., F.G.S., Mining Specialist^ 
Geological Survey of India. 


During the field-season of 1899 to 1900 I was engaged in investi- 
gating the conditions under which minerals (particularly gold) occur 
in the district bounded by Banmauk on the north, Kawlin on the 
south, Seu on the east and Pinlebu on the west. I have done as 
much original prospecting as was possible during the time at my 
disposal, but the work was seriously impeded by the want of skilled 
labour with which to carry out ordinary methods of prospecting such 
as are adopted in America and Australia. 

During the month of February I was employed in detailed pros- 
pecting work, a close study of the Choukpazat lode (underground 
and on the surface), and the survey of several traverses which were 
necessary on account of the incomplete character of the plans sup- 
plied to me. 

The Choukpazat reef was discovered by Burmans and the outcrop 
was worked by them to a depth of 8 or 10 feet. 

CkoukpasaU Wright, who was prospecting in 

the neighbourhood in 1894, came to these old excavations and after 
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a series of tests, he discovered the shoot of gold and commenced to 
sink upon the reef. To illustrate* the difficulties connected with the 
preliminary proceedings, it may be mentioned that, at one time, the 
strike of the vein was believed to be north and south, and it was only 
by a considerable amount of work that the direction was found to be 
E. 30° N., and the underlie to be S. 30° E- at 62®. The vein has been 
proved to a depth of 420 feet, though all the slopes are above the 
310 feet level. The length of the vein is 240 feet and the richest part 
of the deposit has been found midway between the north-eastern 
and south-western boundaries. The thickness varies from two 
inches to ten feet and averages about three feet six inches. The 
veinstone contains 14 dwts. of gold to the ton of stone and consists 
chiefly of a compact quartz, generally white in color, but in places 
banded with black streaks which are roughly parallel with the walls 
of the vein and show very clearly by candle-light in the mine. The 
quartz varies considerably in character and below the 310 feet level 
is associated with calcite : in places it is devoid of an accompanying 
mineral, but in other parts of the vein there is so much galena, copper 
pyrites and iron pyrites present that the ore has the appearance of 
a complex copper-ore. 

The free gold is fine, irregular in occurrence and is most abundant 
where altaite ( telluride of lead, tin-white in color ) is present : it is 
frequently associated with copper pyrites and is visible at the 310 
feet level. Unless the character of the stone be known, a heap of 
milling ore may be examined without a single ‘^specimen'' being 
discovered: under the circumstances it is needless to add that miners 
do not steal specimens. 

The footwall and hanging-wall are sometimes well defined and 
the latter is polished and occasionally striated. Horses (i e., in- 
cluded country) are of common occurrence and have been found to 
carry payable gold. Breaks" are met with in the fcotwall and loss 
frequently in the hanging-wall. 

The vein is cut off on the south-western end by intrusive felsite(?)y 
a description of which must await microscopic examination. The 
vein thins as it approaches this rock and passes into a small 
mullocky vein at the junction of the intrusive and intruded rocks. 
At the north-eastern end the lodestuff appears to be cut off at the 
outcrop by a fault, but in the Main Adit (94 feet level) there is no 
sign of a fault, and the vein gradually thins until it cannot be traced 
even as a division-plane traversing the country. Below the Main Adit 
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the levels have not been extended in a north-easterly direction from 
the main shaft, which latter is wholly in ore. It is of considerable 
importance that the mine should be proved, not only in depth but 
also in the horizontal direction indicated. ^ 

Attempts to trace the extension of the view, beyond the aurifer- 
ous shoots, have failed both in a north-easterly and south-westerlv 
direction. ^ 

Specimens sent by Mr. Wright from the hanging-wall at the 
310 feet level have been examined by Messrs, Middlemiss and 
Holland, both of whom report it to be a “ pyroxene rock.” I think 
that both the hanging-wall and footwall belong to the seriU in which 
are the tuffs, a series largely developed in the district. The rocks 
have the general appearance of sediments, although it was impossible 
to obtain evidence of their sedimentary origin— -the sections are poor. 
In some respects the rocks resemble a thick series of tuffs, breccias 
etc., of devonian age which I discovered at Bingera (New South 
Wales), and in the absence of palaeontological evidence I should 
consider the Choukpazat rocks to be as old as the Australian beds 
referred to. 

Within 75 yards of the outcrop of the Choukpazat vein, intrusive 
diorite has been found : a specimen, selected by me, has been 
examined microscopically by Mr. T. H. HoUand. This rock can be 
traced in a northerly direction along the Choukpazat Stream as it 
is found at intervals for a distance of one mile. 

A mass of diorite occurs at Shintha, four miles north of Choukpazat 
village, and appears to be on the same line of disturbance. Takinir 
into consideration the wavy line of junction, the occasion^ 
(perhaps even frequent) alteration of the tuffs, at the junction, and 
the thin tongues of diorite penetrating the tuffs, there is no room for 
doubt that the diorite is of later age and intrusive into the tuffs. 

The evidence for the relation of the felsite to the tuffs is not as 
satisfactory but is, I think, sufficient to establish the intrusive 
character of the felsite. At about one mile south of Choukpazat 
village a good section is seen ; porcellanites rest vertically on felsite 
which latter is indistinctly schistose in places. ’ 

The mode of occurrence of the quartz and its association with 
calcite show that the quartz, occurring in the vein, is not interbedded 
but is younger than the enclosing rocks and has been deposited from 
solution. The question will be more fully dealt with in a subsequent 
report. ’ 



62 Geological Survey of India. 

Half a mile in a northerly direction, a quartz reef (parallel to, 
and in the same country as the Choukpazat vein) has been discovered 
but has not been prospected. 

Nine hundred yards to the north-north-east two quartz veins have 
been found. One, known as the Peregrine, has been cut by an adit 
136 feet long and a level is being driven N. 10° W. in a direction 
along the vein which varies from 12 to 16 inches in thickness : a 
quantity of ore has been raised and awaits treatment. Seventy yards 
west-north-west of the Peregrine adit, a vein known as the Masheeboo 
has been cut in a level driven 24 feet S. 51° E.and N. 51° W. from 
an adit ninety-five feet long. The reef is seen only in the western 
end of the level and varies from an inch to a foot in thickness. A 
parcel of ore is being raised. 

The mill is situated - on the Nevalabo Chonng, one mile north of 
Choukpazat village, and consists of a ten head stamps battery 
(75olbs. stamps, 7 inch drop, 93 blows per minute, *02 inch screens) 
with ordinary amalgamated copper plates and two small shaking 
tables : nine dwts. of gold per ton are obtained by amalgamation. 
Concentrates are collected on two Fruc Vanners and are being 
stored with a view to the erection of a suitable plant for their treat- 
ment. The tailings contain 3 dwts. of gold per ton : a small cyanide 
plant is being erected to deal with them. The following table illus- 
trates the method 


Free gold. 

Amalgamated in 
the boxes of the 
battery and on 
the copper plates, 


Ore. 

I ^ 

Concentrates. Tailings. 

Sorted and awaiting To be treated by 

treatment. a small cyanide 

plant in course 
of erection. 


There is no doubt that free gold will be found in the auriferous 
shoots at greater depths than 420 feet to which the Choukpazat 
vein has been proved. This feature is of importance because it 
means that a fair percentage of the gold in most of the workable 
lodes can be extracted by the aid of simple machinery. Only one 
complete plant is necessary for the district, and the concentrates 
from the smaller mines could be sold on assay value to the owners 
of the larger plant. There has not been as favorable an opportunity 
as the present for the development of small mines : a comparatively 
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small addition would make the Choukpazat plant suitable for the 
purpose indicated. 

Kleven miles north of Choukpazat an area is being prospected by 
legyin, ^^^arus. Several quartz veins have 

been discovered and a level thirty-four feet in 
length has been driven along a reef bearing north-west and heading 
10 degrees to the south-west. The reef varies from 15 inches to 
2 feet in width, is well defined and worthy of exploitation. The 
other veins, referred to, have not been prospected. 

The two properties described in this report are the only places 
CoHclusions. where work is in progress, and as will be seen 

from iny remarks only one payable vein has 
been found up to date.^ 


Preliminary Report on the Ram pur Coal-field, hy G. F. Rbader, 
F.G.S., Mining Specialist, Geological Survey of India. 

The part of the Rampur coal-field which has been examined this 

AreacanAned. ^e'J-season (December 10th 1899 to February 
17th 1900) is shown on the map (dated 1875) 
as lying between parallels 21° 45' and 21° 51' and meridians Sa® so' 
and 84° i'. ^ ^ 

The previous writers on this coal-field are 

/VmW Wriiorz. ^ ^urv. of India, 

,, , Pt- 4; Dr. W. King. Rec., Geol. 

burv. of India, Vol. xvn, pt. 3, Vol. xviii, pt. 4, Vol. xix, pt. 4, Vol. xx, 
pt. 4. 


Since the abwo was written, Mr. Stonier has discovered a quartz reef with payable gold 

aiwut 14 miles north of Bau manic. The reef consists of quartz, is nine inches in thickness and 

where tested it contains 9 dwts. of gold per ton of ore. There is also about * per cent, of 
copper in tb e form of chalcopyritese 
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One thick band of carbonaceous shale with coal-bands interbedded 
and several minor seams were disclosed in the 

Previous History. Lillari stream. As the result of surface explora- 
tion in this area, and evidence deduced from bore-holes put down in 
the Lillari valley under his directions in 1884 to 1886, Ur. King says, 
** I am reluctantly compelled to recommend its abandonment.^' In a 
later Report (VoU XX) Dr. King, not considering the evidence of 
bore-hole samples sufficiently trustworthy, advised sinking a pit near 
Chowdibahal. The general results of these investigations were, 
however, considered unfavourable, and no further action was taken in 
prospecting for coal until the discovery of a seam of coal under the 
site of the Eeb bridge on the BengaUNagpur Railway, On this 
discovery a grant was made by Government to the Bengal-Nagpur 
Railway Company to explore the coal area round Telanpali. For 
this purpose five bore-holes and one shaft were put down. I have 
marked four bore-holes and the shaft on the annexed sketch-plan of 
the area. One bore-hole 1 have not been able to locate on account of 
the inaccuracy of the map. The general result of this exploration 
(by the Bengal-Nagpur Railway Company) was not encouraging, but 
on the report being submitted to Mr. Griesbach, he advised the 
deepening of bore-hole No. 4 (K4 of map) until undoubted Talchir 
rocks were struck **not being satisfied that the lower measures of the 
Barakars (which usually contain the best coal seams) " had been 
sufficiently proved. In pursuance of this opinion Government sanc- 
tioned the work of carrying the boring to a depth of 400 feet and 
subsequently to a depth of 600 feet At a depth of 347 feet a seam 
of coal 7' 9" thick, with a 6*" band of stony coal in the middle, was 
struck, then for a hundred feet a remarkable succession of alternating 
bands of thin coals and shales were encountered, and the remaining 
37 feet passed through fine-sandstone "—the hole being stopped at a 
depth of 48 5 feet in this sandstone before reaching the Talchirs. 

This boring result was deemed by Mr. Griesbach sufficiently 
encouraging to advise going on with the work for another 100 feet 
or so, unless the crystalline rocks were struck at a lesser depth. 
The boring contractors pointed out that the cost of drilling to this 
depth would be very great, and Mr. Smith was deputed to visit the 
spot to ascertain whether it could be regarded as reasonably certain 
that two borings to a depth of 500 feet would give the same infor- 
mation as one to a depth of 1,000 feet and if strong evidence existed 
in favour of this conclusion, to mark the exact position at which the 
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Second bore-hole should be drilled with reference to the one under 
discussion. 

The examination did not answer this question and it was consi^ 
dered a better plan to select a site near Dhoramuda, practically at 
the top of the Barakars, and bore through the whole thickness td 
the Talchirs or Crystallines as the case might be. Had the coal- 
field been previously laid down on an accurate map I venture to 
think that such site would not have been chosen, since it would 
have been evident that at that point the thickness of measures 
would be nearly if not quite double what they were anticipated to 
be. However a bore-hole was put down here to a depth of SsSjfeet 
only which passed through several shaly coal seams (not one work- 
able) finally stopping in the zone of Barakar Rocks exposed in 
the Lillari nala near Piplimal, several hundred feet above the top 
(geologically speaking) of the Kodopali boring (No. 4) and only 
proved the ground already proved by Dr. King in his Nos. i, 2a, 3, 
4| 5 ^-^d 6 bore-holes. It will therefore be seen that the lower 
measures of the Barakars have not been proved as was intended. 

The object of this survey was to reconcile as far as possible 

Object of present survey. apparently conflicting data and as- 

certain the probability of existence of a work- 
able seam or seams of coal. My first endeavour was to establish a 

inaccurate map Working vertical section from exposures in the 
Lillari valley for correlation with parallel sec- 
tions in the Eeb river and Bichwa nala, and to enable me to fix the 
horizons of the seams discovered in the various bore-holes in the 
course of this preliminary work, I was forced to the conclusion that 
the topographical sheet was not sufficiently accurate for recording 
geological observations. I was therefore compelled to re-survey the 
whole area topographically and as a consequence geologically too. 

For the purpose of this Progress Report I will confine myself 
to the economic resources of the field, leavinsr 

Scope of report, 4.1 j u xi. i • 1 • 

the data upon which the geological map is 
based for my final report. 

Work was commenced in the Lillari nala and as complete a work- 
ing section as possible was established from 
Bsiimate of thickness, surface observations, from the Talchirs up to 

the Kamthis. On the evidence of this section alone I should place 
the thickness of the Barakars at about two thousand feet. There is 
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a great difference between this figure and those of previous writers* 
The inaccurate map previously used will account for some of it, but 
even then I fail to understand why so low a figure was assumed. 
I have not, however, been able as yet to make use of the evidence 
deducible from Dr. King*s bore-holes in the Lillari valley, since no 
information is to hand of their exact positions. 

Four carbonaceous bands were met with in the Lillari nala (see 
Seams in the Lillari plan R^, R*, R^) near Durlipali, Bonjari, 

Khaliabahal, and Dhoramuda Gh4t. Small pits 
were sunk into these outcrops and the following sections 
obtained 


Durlipali t^Base of seam R\ 


Bonjari, i?*. 


Ft. in. 

T wo inches of coal with . 

shale . , . 0 II 

Argillaceous shale • *30 

Carbonaceous shale « 2 o 

Coal , , , *02 

Carbonaceous shale 
Base 

•VN\I 


Ft. in. 

Argillaceous shale , 2 o 

Clay ironstone . .03 

Carbonaceous shale *23 

Coal . . . .09 

Carbonaceous shale . i o 

Coal . , , *05 

Carbonaceous shale *09 

Coal . . . .05 

Carbonaceous shale *14 

Coal • , , .02 

Carbonaceous shale .07 

Coarse sandstone 
Base 


Khaliabahal, it*. 

Top Ft. in. 

Clay . . , *20 

Carbonaceous shale . 0 4 

Coal . , • .04 

Carbonaceous shale , o 4 

Shale with coal-pipes , 2 4 

Carbonaceous shale , i o 

Coal « • , *06 

Carbonaceous shale , o 5 

Coal * • , .02 

Carbonaceous shale , 0 10 

Sandstone 
Base 


Dhoramuda Ghdt, R*. 
Carbonaceous micaceous 
shale . .26 

Sandstone 
Base 


It will be seen that none of these bands contains coal of worfc- 

Moh K samples of coal were extracted from 

ati,! was indifferent in each case, the 

average ash exceeding 35 per cent. 
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On the result of these holes^ however, I do not feel justified in 
condemning these seams. It is highly probable that some change will 
be found to take place in their quality to the east and west and to 
the dip of the point proved. 

My next intention was therefore to get a correlative section in 
the Bichwa nala— marked on the Topographical Survey map as 
flowing more or less parallel to the Lillari nala, and about a mile or 
a mile and a half to the west of it— to see how these seams varied 
in quality and thickness, etc., to the west and to get some idea as to 
the nature of the ground intervening. I was very much disappointed 
on finding that there is no Bichwa nala, nor any other stream 
flowing towards the south ; indeed the water from the hills ranging 
from Burtab to Sahujbuhal flows to the east into the Lillari. 

By this time, however, my new plan was beginning to show the 
New plan and deduce topographical map more incorrect than I had 
thought, and it became evident that opinions 
based on work done on this map must require reconsideration; in 
fact, the correlation of the Eeb Bridge and Durlipali seams did not 
appear plausible. 


I then turned my attention to the neighbourhood of the Eeb 
Modlia naia. ndihs flowing into it on the right 

bank and the Bonum nala on the left bank. Com- 
mencing near the source of the Modlia nala diligent search was 
made for some shale or coal seams to correlate with the Bengasi 
and Khaliabahal beds. In its upper reaches the Modlia nala gives 
many rock sections, and I was therefore at a loss to understand why 
some carbonaceous shale or coal beds were not met with. The dis- 
covery of what appear to be Talchir shales, however, further down the 
stream proving, in such a case, a down throw fault to the east, 
explained this and at the same time showed that representatives of 
these carbonaceous shale beds must be sought for much further to 
the west and north than this report is dealing with. 

Attention was then directed to the Eeb river, and here I was 
Eeb river. successful ill unearthing, as anticipated, coal 

outcrops (correlating with the Eeb Bridge seam) 
at two points — R’, RO— of great moment in that they will materially 
aid in solving the field— approximately ij and 3 miles down the 
river from the bridge. 
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Holes were put down at these points and also at Lumchibahal Bridge 
(R ®), where curiously enough, the same seam, I believe, was proved 
on the same day— I thought then for the first time, but subse* 
quently found it was not so. 

The sections, as deep as the pits could be taken with the labour 
at hand, are~ 



Rampur sec* 
tioQ 

R8. 

Ram Adin 
section 

R 7 . 

Lumchibahal 

R6. 


Ft. in. 

Ft. in. 

Ft. 

in. 

Conglomerate 


... 



Grey shale 

••• 


, , 

7 

0 

Black earth 

4 0 

6 

0 

5 

6 

Coal 

4 g 

2 

2 

I 

6 

Batt . 

0 8 

1 

6 



Coal ••••«. 

3 I 

3 

3 



Batt 

I 9 





Coal anticipated .... 

1 

1 

j 

L_ 




Laboratory and also large scale tests were made with the follow- 
ing average result : (Moisture 97^, vol. m. 177,, ash (red and white) 
15 /o variab»e, and fixed carbon upwards of 51 7^. Seven maunds 
of coal taken from the lower parts of the Rampur seam gave 12*°/ 
of reddish ash-one little bit formed a clinker. Generally, the coal 
may be said to be of fair quality, parts very good, ignites freely, and, 
except that one bit clinkers, open-burning, suitable for steam 
purposes and of workable thickness. 

It may, I think, be safely assumed that this is the Eeb seam. 
Such being the case the outcrop of this seam is seen to be duplicated 

and this point itself is almost sufficient to prove the existence of a 

down throw fault (and to a certain extent locate it) to the east 
since the seam dips to the west. In addition to this evidence’ 
however, the occurrence of Talchir shales in the Modlia nala the 
positions of the basement white Barakar sandstones on both sides of 
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the Eeb Bridge and at Telanpali, the absence of coal in the No. i 
bore-hole of the Bengal-Nagpur Railway Company (K^ on' map) and 
the presence of a spring near Rampnr are sufficient to warrant the 
assumption, and determine the line of a down throw fault to the east 
as shown on the plan . 

Upon what grounds the Eeb coal seam has been identified with 
the Durlipali shale bed I do not know, but 
certainly not of that opinion and indeed 
think that the Eeb seam is the lower by some 
200 to 300 feet. If the exact position of the bore-holes put down by 
Dr. King in the Lillari valley and also that of the Bengal-Nagpur 
Railway Company, ^ No. 3 * can be ascertained, this point could, I 
think, be settled beyond doubt. 

In conclusion I would like to add that further action in this area 
Conclusion. should be directed towards the immediate ex- 

ploitation of the Eeb coal seam and the comple- 
tion of bore-hole No. 4 (K^ of map) down to the Talchirs. At the 
same time the Bonjari and Khaliabahal beds might be followed up- 
to the west and north, for, as I have before stated, it is not improb- 
able that these beds will improve i and here it is necessary to add 
that such further exploration cannot be carried out in a satisfactory 
manner unless accurate topographical maps be supplied upon which 
data already known can be mapped and deductions drawn there- 
from. 




Preliminary Report on the Sohagpur Coal-field, by G. F. Reader, 
F.G.S., Coal Specialist^ Geological Survey of India* 

In Volume XXI, Part 3j of the Memoirs of the Geological Survey 
of India, Mr, Hughes describes the above coal-field, and records the 
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existence of the coal seams which came under his notice, and at the 
same time he makes such observations on each seam as his prelimi- 
OijeciofSuney. “ary investigation would allow. The present 
j . j, survey is intended to collect more practical 

HuffhL^a promising seams mentioned by Mr. 

Hu^es, and of other seams encountered during its progress. 

On page 46 of the Memoir referred to, Mr. Hughes state’s 

Bargaon and 

BWha ' Tr •“ thrice in the Son, frequently in the 

gSba, and twice in the NargSra seams. It covers a large and 
easily workable area or either side of the S6n, and it can be picked 

excellence of this part of the field.” ^ 

On such a prescript I pitched my camp at Burharand and com- 

AmiH team. fenced Operations in the neighbourhood of this 
seam. In amplification of the above abstract I 
cLrr* that a good seam of workable coal 

2h ° ® about a mile further 

and ‘“f 3° to the north-west, 

may bi'^c<K Present inclined to think that it 

ea^^ of thn I " ^ 7 miles north- 

Teiinn and ij miles north-east of Bokahi. The 

section of the seam is . 


At Amlei. 


Massive sandstone 
Banded „ 

Fireclay shale 
Soft coal 

Carbonaceous shale 
Hard coal 
Soft „ , 

Hard „ 

Shaly „ 

Soft „ 
Carbonaceous shale 

Sandstone 
Base 


Ft. 

in. 


Ft. 

in. 



Massive sandstone 



l 

6 

Gritty sandstone . 

• 4 

0 

2 

6 

Hard coal , 

. 4 

8 

X 

5 

Gritty sandstone « 

• 2 

0 

0 

5 




0 

6 





1 
o 

2 
8 
2 


In the Son. 


IS fert rinSer.^ ^ twckness of 

15 feet 5 inches of carbonaceous matter at Amlei (containing 13 feet 
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8 inches of good coal) is represented by 4 feet 8 inches of coal in 
the Son. In such case, whether the decrease in thickness is due 
to splitting up or actual thinning out, remains to be proved. I favour 
the former supposition, and indeed think that a further search in the 
Son will reveal the upper part of the Amlei seam. The analyses 
made by Sub-Assistant Hira Lai gave the following results:-— 






Amlei 

Bokahi 





bag£ha. 

SON. 

Moisture • 

• 

. 

* 

5*2 per cent. 

Nominal. 

Volatile matter 

• 

, 

• 

22*2 

27-4 

Fixed carbon . 

• 

• 

• 

57'2 

6x'o 

Ash 

• 

. 

• 

* 5*4 

ii*6 


The calorimeter and large scale tests confirm these results — the 
evaporative power of the former exceeding 12*5 and the latter 12*9 
when conducted on general samples (not dried). It is a free burning, 
non-clinkering, hard coal, and suitable for steam purposes. 

The next most productive coal-bearing band strikes from south 
of Sabo in the Bag6ha nala up the stream to north-east of Dhanpuri 
in the Nargara nala. Several pits were sunk along this strike and 
the following sections obtained : — 


North-East op Dhanpuri 
Nagara Nala. 


Carbonaceous shale 
Coal • 

Carbonaceous shale 
„ clayey 

Coal 

Carbonaceous shale 

Coal a a 

Hard sandstone 
Soft „ 

Hard „ 

Carbonaceous shale 
Coal 

Carbonaceous shale 
Coal • 

Carbonaceous shale 
Sandstone 


Ft. in. 
a o 4 

a o 4 

• o 4 
shale o 6 

• 2 9 

• o 6 

• I o 

• I 7 

• o 5 

• 2 o 
. I 2 

a 1 10 

a O 9 

. 2 3 

. O 7 
. X 6 


West-North-West op Jhagraha 
BAG fiUA Nala. 

Ft* in. 

Coal • • . a 3 8 

Carbonaceous shale . o 8 
Coal . • . ,09 

, Carbonaceous shale , 04 

Coal • . . .29 

While sandstone , •52 
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South op Sabo in tributary of 
BagAha Nala. 



Ft. 

in. 

Black dirt . « 

• 4 

0 

Hard coal • 

. 4 

3 

Carbonaceous shale 

• 0 

4 

Coal • • • 

. 0 

a 

White sandstone • 

. 0 

4i 

Shale ■ ■ ■ 

• 0 

1 

White sandstone # 

. 0 


Carbonaceous shale 

. 0 

6 

White sandstone . 

• 3 

0 


3 

5 


1 

3 


2 

2 


0 

9 


0 

Sk 


3 

0 


1 

10 


I 

5 


2 

6 


2 

0 

Whether the above 

sections 


South of Sabo in BAGfiiu Nala. 

2' tP Sandstone. 

2' 0" Micaceous sandstone. 

. Carbonaceous shale, 

, Coal, 

. Carbonaceous shale. 

. Hard coal, 

• Carbonaceous shale. 

• CoiL 

• Carbonaceous shale. 

. Hard coal. 

, Coal, 

, White sanilstono. 

(Dhanpuri, Jhaj^raha, and Sabo) 
represent two or three seams, lam not yet in a position to state. 
Reasoning from the dip and strike of the measures the Dhanpuri 
section is the outcrop of one seam and the Jhngraha and Sabo 
sections the outcrop of another seam. Taking the sections and 
qualities only into consideration, however, there appear to be three 
seams, Dhanpuri, Jhagraha, and Sabo sections ; each represents 
a different outcrop and as such I prefer to treat of them. 

The Dhanpuri seam presents a most tantalirdng section to a 
practical man ; two bands of coal, each only just 
Dhanpuri seam, thick enougli to be comfortably workable with 

a band of shale in the middle, and a clay shale roof. The ques-i 
tion how to work ti.i-: .s:am might well be asked by an examining 
Board in England — if the Board itself could agree as to what the 
answer should be. If, however, its section is half and half, so to 
speak, its quality is a little better. The average analysis of a 
general sample is:— 


Moisture « • 

Volatile matter 
Fixed carbon , 
Ash : tclmkers) 


7 percent. ^ 

25 5, f Evai: 

5 .*^ »> 95 V 

15 »» 9, ) 


Evaporative power 
approximately I 2 > 
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The Jha.grah 3 > seam certainly presents at its outcrop a fair work- 

Jhagrakauam. gOOd. To my 

surprise, however, large and small scale tests 
gave very bad results : average ash percentage is 43, calorific 
power 5153 calories or 9*9 evaporative power. 

The Sabo seam presents a better section than the Jhagraha and 

Sabos0am. regards quality also it is a good seam. Its 

analysis gives 


Moisture . , 

Volatile matter 
Fixed carbon • 
Ash (little clinker) 


I percent."^ 

21*4 M 1 Evaporative power 
6o’8 „ i 12*7 per cent. 

16*8 „ J 

loo 


In addition to the above at least three other seams deserve 
mention. One, half a mile east of Bargaon 3 feet 8 inches thick ; 
one, in the BakaP nala, 600 yards from its junction with the S6n, 4 feet 
4 inches thick j and one, near Rampur, in a tributary of the Katna 
river, 5 feet 6 inches thick, with a band of shale in the middle. 

Tests have not as yet been made on these. Their thicknesses 

Ciher seams. Workable and preliminary experiments point 

to a fair quality. 

Sumfnary , — In descending order the seams appear to come as 
follows : — 


Sabo (in Bagdha nala). 

Jhagraha ( Ditto ). 

Dhanpuri (Nargkra nala). 

Amlei-Bokahi (Bagdha and Son). 

Bargaon-Kelhauri. 

Rampur (tributary of Katna). 

Bakan (Bakan nala near Son). 

Of these the Sabo and Amlei-Bokahi have given workable thick- 
nesses and very fair qualities. The Jhagraha and Dhanpuri seams 
have not given satisfactory results, but may be found on further 
exploitation to improve in quality and section respectively. The 
Bargaon-Kelhauri, Rampur and Bakan nala seams give workable 
thicknesses and preliminary experiments point to fair qualities. 



74 


Geological Survey of India. 


Preliminary Report on the Geology of the Northern Shan States, by 
Tom O. LaTouCHE, Supertniendent^ Geological Survey 
of India. 

CONTENTS. 

Paob. 

I. Introductory , 

II. List op formations and fossil localities . . . .71^ 


III. Description of formations 

1. Sedaw limestone , ,81 

2. Red crinoid beds 32 

3. Nyaungbaw beds 

4. Naungkangyi beds 

5. Zebingyi beds, Trilobite beds 

6. Ditto, Graptolite beds 83 

7. Maymyobeds 

8. Kyinsibeds . 84 

9. Namyao beds 

10. Tertiary beds 

1 1. Recent formations 86 


IV. Stratigraphical details along the route taken 


L— Introductory. 

The tract of the country described in the present report is that 
portion of the northern Shan States which lies along the line of rail- 
way now under construction between Mandalay and the Kunlon 
ferry on the Salween ; that is, between the 22nd and 23rd parallels 
of north latitude and extending from about the 96th to a little beyond 
the g8th degree of east longitude. This route had been traversed 
before by Dr. Fritz Noetling, who in 1890 visited and reported on the 
coal-fields of Lashio and the Nam Ma valley in the eastern portion of 
the area.^ Dr. Noetling proved the presence of lower Silurian 
rocks near the western edge of the hills, between the 22nd and 26th 
miles^ on the cart-road, then being constructed from Mandalay to 
Lashio, and described some of the fossils he obtained from them in a 

1 Records, G. S. I., Vol. XXIV, Part 2, p, 99. 
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short paper in the Records} The most important was a gigantic 
form of the cystidean Echinosphaerites^ to which he gave the name 
of E. Kingi. I had a great advantage over Dr. Noetling in being 
able to avail myself of the numerous cuttings along the railway, 
which for the greater part of the distance runs close to the cart- 
road. Moreover, I was not hampered with considerations of economic 
geology, but was able to devote myself entirely to the working out 
of the stratigraphy along the routes. Consequently I was able to add 
considerably to the number of localities in which fossils are obtainable, 
and to prove the existence of a series of palaeozoic formations in addi- 
tion to the lower Silurians discovered by Dr. Noetling. When I left 
the line of the railway, however, and attempted to penetrate into the 
country on either side, I experienced the same difficulty as Dr. Noetling, 
in finding outcrops of solid rock. The enormous thickness of clay^ 
derived from the weathering of the prevailing limestones, with which 
the rocks are covered, is well seen in many of the railway cuttings. 
Cliff sections are rare, and the rocks forming them are often concealed 
by masses of stalactites, while the rocks in the beds of the streams 
are nearly always concealed by a coating of calcareous tufa, deposited 
by the lime-laden waters, and often several feet in thickness. 

The physical features of the hills have already been described by 
Dr. Noetling in the report published in Vol. XXIV of the Records, 
Geological Survey, above referred to.^ Since I followed the same 
routes I have nothing to add to his description. Further detailed ex- 
amination of the country to the north and south of the railway,, with 
the help of more accurate maps, and on a larger scale than those now 
obtainable, is required before the orography of the district can be fully 
discussed. 


II. — List of formations and focsil localities. 

The formations met with along the railway and cart-road between 
the foot of the hills at Sedaw and the Salween at Hsopfcet, east of 
Lashio, arc the following, in descending order 

* Records, G. S, I., Vol. XXIII, Part 2, p. 78. 
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It is very seldom, indeed, that the actual contact between any 
two of these formations can be seen. Everyone of the beds, 
from the red sandstones downwards, has been greatly crushed, 
folded, and faulted and the dips often vary considerably both in 
direction and amount within the space of a few yards. Thus it 
is impos>ible to say whether the beds mentioned above form a 
continuous conformable sequence or not. There are some indica* 
tions of an overlap of the upper silurian limestones (No. 7) on the 
underlying formations, though there is no direct evidence of an 
unconformability. Thus the black graptolite shales of Zebingyi 
(No. 6) were not found anywhere to the east of Maymyo, though 
the trilobite beds (No. 5) which underlie them in the Zebingyi 
sections are found immediately beneath the white limestones in the 
Gokteik gorge, and again still further to the east near Pyaunggaung. 
It is quite possible, however, that the graptolite beds were originally 
merely a local deposit. 

Generally speaking, there is a distinct zonal arrangement of 
the different formations, the oldest occurring along the western 
edge of the hills, while as we proceed eastwards newer formations 
are successively crossed. The general strike is between N.-N.-E. 
and E.-N.-E., but it varies greatly within short distances. This 
is also the general direction of the railway and cart-road, so that 
they often run for several miles on one and the same formation. 


HI. — Description of formations. 
in'^Sedaw limestones. 

This is the “ Mandalay limestone" of Noetling, but I am not at all 
sure that the limestone which forms the Mandalay hill and other 
isolated hills in the Irrawaddy valley, between Mandalay and the 
edge of the Shan plateau, is the same as that found on the steep 
ascent from Sedaw. It is possible that the limestone in the plain 
belongs to a much higher position in the series, but in the absence 
of* recognizable fossils it is impossible to be sure of this. The 
Sedaw beds consist of hard dark blue or grey limestones in 
thick beds, traversed by numerous veins of white calcite, greatly 
crushed and folded. In the railway cuttings on the zigzags above 

G 
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Sedaw, sections of bivalves, gastropods, and crinoid stems are 
common on the weathered surface of some of the beds, but cannot 
be extracted in a sufficiently well preserved condition for identi- 
fication. 

a.-^Red crinoid beds. 

These consist of dark red calcareous shales greatly crushed, 
and traversed by numerous gliding planes, slicken-sided surfaces 
being very common, with veins of calcite running through them 
in all directions. Everywhere they contain scattered joints of 
small crinoid stems, usually not more than Jor J inch in diameter, 
but rendered conspicuous by the contrast of the white calcite of 
which they are composed, with the dark red colour of the rock. 
Hand specimens showing these crinoid stems resemble very closely 
the red crinoid shales at the base of the carboniferous series in the 
Central Himalayas,!, but the latter are undoubtedly newer than 
upper Silurian, while these are lower silurian. It is in these beds 
(called by Dr. Noetling the Pyinsa group), that Echinosphse rites 
described by him in Vol. XX HI, Part 2, of the Records, is 
found, but it appears to be very local in its occurrence ; and although 
vepr good sections of the red crinoid beds are exposed in the 
railivay cuttings above Sedaw, I did not come across a single 
specimen of it. Fragments of Ortkoceras are also found in these 
beds and are locally numerous. 

Z^^Nyaungbaw beds. 

The red crinoid beds pass upwards into a considerable thickness 
o flaggy limestones in regular layers, separated by bands of 
clay or shale. Occasionally the latter are somewhat carbonaceous. 
Fossils are fairly numerous in places, and consist mostly of 
Ortkoceras and other cephalopods, generally in fragments, crinoid 
stems, and fucoid impressions. Near the village of Nyaungbaw 
at mile 22 on the Lashio cart-road, Mr. Datta found some fairly 
well-preserved specimens of crinoids showing portions of the calyx 
and arms as well as fragments of the stem. These are associated 
with Ortkoceras and appear to be quite local in occurrence I 
could not find them in the cuttings along the railway, where these 
beds are very well exposed, but at the nineteenth mile Ortkoceras 
occurs in considerable numbers. 

» Griesbach, Mem. G. S. I., Vol. XXIII, p. 61. 
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i^.’^Naun^kangyi beds. 

In the railway cuttings below Zebingyi the beds just 
described are followed immediately by a bed containing 
upper Silurian fossils, but in the Gokteik gorge, a long way 
to the east, another outcrop of lower silurian beds is found, 
which is not represented to the west of Maym)'o, though it occurs 
in the hills a couple of miles to the north of that place. The beds 
consist of a considerable thickness of grey calcareous sandy shales, 
with bands of limestone, sometimes weathering into soft, reddish 
yellow, sandy shales. They contain great numbers of casts of 
Orthis^ StrophomenaSy etc., with single plates of cystideans, some 
of which resemble very closely Mimocystites bohemicus (Barr,), 
from the stage D® (=Bala or Caradoc) of Bohemia.^ The manner 
in which the casts of Orthis are matted together on the surface 
of the slabs, and the general appearance of the rock, reminds one 
very strongly of the Caradoc beds of Shropshire, 


Zebingyi beds. 

^.’^Trilohiie beds. 

In the neighbourhood of Zebingyi the flaggy limestones of the 
Nyaungbaw series are followed by soft, yellow, sandy beds with 
nodular bands of limestone, containing large numbers of Orthoceras 
and fragments of Trilobites, with a few small lamellibranchs and 
b^achiopods. The Trilobites are not very common and are generally 
badly preserved. In the Gokteik gorge similar beds occur con- 
taining heads of Eucrinurus punctatuSy east of Orthis and Petraia% 

^,^Graptolite beds. 

These consist of black calcareous shales with bands of hard 
dark grey or black limestone containing large numbers of 
Graptolitesy all of the nionoprionidian order, though they are 
frequently so crowded together on the surface of the rock, that it 
is difficult to make out whether double forms occur or not. A small 

' Barrande, Syst. Silur, de Boheroc, Vol, VII, pi. a8. 
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Tentaculites closely resembling T. elegans, Barr.,* is very com- 
mon and is a most useful fossil in tracing out the distribution of these 
beds, for it appears to be almost entirely confined to this horizon 
and is not easily destroyed by weathering, so that it can be 
recognized even in outcrops where the rock has been reduced to 
a soft clay. 

The graptolite beds are only a few feet in thickness and occur 
only in this section west of Maymyo. 

7. — Maymyo beds. 

The graptolite beds are followed by massive white limestones, 
always characterized by the presence of a considerable amount of 
siliceous material ; in fact, the rock is sometimes rather a calcareous 
sandstone than a limestone. These rocks may be traced almost 
continuously from near Thondaung 1 Waboye) station about eight miles 
west of Maymyo to the Salween,— a distance of nearly 2co miles. 
They are not very fossiliferous, but casts of small gastropods and 
a lamellibranch, probably a Pterinea, are numerous in some places, 
and help considerably in identifying these rocks in the small 
outcrops, which are often all that can be seen of them protruding 
through the thick covering of red clay. In a few places beds of 
argillaceous shales resembling Fuller's earth are found among these 
limestones, but I could never find them in actual contact ; so that I 
could not discover whether the shales occur at any particular horizon 
in the limestones, or not. These shales contain a fairly rich fauna 
including a small Lingula, many bivales, and a fossil that looks 
like a Theca or Hyohthes, but none of them appear to be very 
characteristic. They may be either uppermost Silurian or pr rhaps 
devonian. 

The thickness of the limestones must be very great. They form 
the great precipices seen on either side of the Gokteik gorge 
and many lofty scarps in the neighbourhood of Lashio, bni they are so 
much cut up bj faults that it is impossible to form any estimate of 
their true thickness. 

8. — Kyinsi beds. 

The white limestones are succeeded by a band of shales of no 
great thickness with concretionary masses of hard blue limestone. 

‘ Barrande, op. cit., Vol. HI, pi. 14. 
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43oth shales and limestone are highly fossiliferous, but in the latter 
the fossils only appear*as sections on the weathered surface of the 
rock and complete specimens cannot be extracted. In the shales, 
on the other hand, the fossils can be easily extracted and are of 
great variety. Among lamelltbranchs a Pecten is very commonj 
and a small Conocardium occurs. A small gastropod^ probably 
Murchtsoniaj also occurs in large numbers. The fossils collected 
have not yet been specifically determined, but it seems probable 
that the beds are devonian. They contain no typically silurian 
or carboniferous fossils, so far as I have been able to judge from 
a cursory examination, nor can any of them be referred with certain- 
ty to the mesozoic period, though I thought, when I first discovered 
them, that the beds might possibly be Jurassic. The presence of 
Conocardium seems to point to their being upper palaeozoic* 

^.—Namyao beds. 

The shales just described are followed by a great thickness 
of red beds, consisting of rapidly alternating layers of sandstone 
and shales or clays, These beds were described by Dr, Noetling 
as red sandstones of undetermined age." They apparently rest 
conformably upon the grey fossiliferous shales near Kyinsi, but to 
the east of this the latter appears to be absent, and the red beds 
rest upon the white limestones (No. 7). Excellent sections of them 
are seen in the railway cuttings along the Namyao valley, between 
Hsi Paw (Thibaw) and Lashio, but fossils appear to be very rare. 
I obtained a few from one locality near the junction of the Namyao 
with the Nam Ma, but all are in a very fragmentary state, and none 
of them, I am afraid, can be specifically determined. They resemble, 
however, to some extent, the fossils from the grey shales below, and 
it seems probable that these and the red beds belong to one series. 
If this is the case, the whole of the mesozoic period is quite unrepre- 
sented in the portion of the hills traversed by the Mandalay-Kuiilon 
Railway, for the only rocks that occur on this route, higher than the 
red sandstones, are of tertiary age. Some of these red sandstones 
form an excellent building stone. 

lo.^Tertiary formations. 

The tertiary system in the northern Shan States, with the 
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accoinpa.n3ring coal seams, has been described in detail by Dr. Noetling.^ 
The route which I followed did not cross these beds anywhere. They 
seem to be entirely confined to the river valleys and to be of very 
small extent. No doubt when the railway is opened to Lashio the 
coal will be made use of to some extent, though it is doubtful whether 
*t will he worth exploiting on a large scale. 


\x.-^Recent formations. 

The chief superficial feature of the plateau, from a geological point 
of view, is the thick mass of clay, generally bright red in colour with 
which, practically, the whole of the country is covered. It has main- 
ly been derived, in all probability, from the weathering of the lime- 
stones, principally the white and grey, sandy limestone of the upper 
palaeozoic era, which is the prevailing rock. In the railway cuttings 
this deposit is often seen to reach a thickness of 40 or 50 feet. In 
many places the clay has been consolidated, by the infiltration of 
carbonate of lime derived from springs, into a tough rock, containing 
recent Itod and freshwater shells, such as Helix^ Ltnnsea, Neritina, 
etc., which may be found still living in large numbers in the cultivated 
flats near the banks of the larger rivers. Numerous pisolitic granules 
of iron oxide are scattered freely through the clay, and in some places 
the amount of iron becomes so great, that the rock has been used as 
an ore for smelting. 

The carbonate of lime leached out from the rock is partly carried 
off by the streams, and partly redeposited in their channels, forming 
thick beds of calcareous tufa. Wherever rocky scarps are found, 
they too are usually covered with a thick curtain of the same material 
The “natural bridges 'Mn the Gokteik gorge are to a great extent 
formed of it, and its cavernous nature has proved a considerable ob- 
stacle to the engineers engaged on the construction of the great via- 
duct there. In many of the rivers it forms regular dams or weirs, 
stretching horizontally across the stream, and so regular that they 
might be thought to be artificial. The presence of this calcareous 
tufa in the gtreams, although it adds much to their pictures«iueness, is 
a great drawback from a geological point of view, for the rocks are 
entirely concealed by it in most cases, and nothing can be seen 
of them. The deposit is sometimes of great thickness, as, for 

* Records, G. S. I„ Vol. XXIV, Part 2, p. ,05, et seq. 
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instance, in a spur cut through by the railway between Lwekaw and 
Kyinsi, on the Namsim, where the cuttings show it to be at least 
50 or 60 feet thick. 

Beds of recent alluvium are not often met with in the portion of 
the plateau which I crossed. There are a few narrow patches of it 
in the valleys of the larger rivers, notably in the valley of the Nam 
Tu (Myitnge) near Hsi Paw, where there are also a few patches of 
older alluvium containing large well rounded boulders, mainly derived 
from the red sandstones, on the lower slopes of the surrounding hills, 
probably the remains of old river terraces. 


IV. — Stratigraphical details along the route taken. 

From Sedaw, a small village at the foot of the hills about 15 miles 
to the south-east of Mandalay, the line rises by a series of zigzags, 
directly up the hillside, to a height of about 600 feet above the plain, 
passing through the dark blue and grey limestones of the Sedaw 
beds. The dip of these at the foot of the ascent is to the west- 
south-west at about 50 degrees ; in fact, the outer edge of the plateau 
here is a dip slope. The direction of dip does not, however, remain 
constant for more than a short distance. Between the second and 
third reversing stations it is at first northerly, and then again south- 
westerly, always at fairly high angles. The folds, of which only small 
portions can be seen at one time in the cuttings, are probably in the 
form of domes of no great lateral extent, so that the direction of dip 
varies greatly within short distances. Just below the third reversing 
station, at a height of about 600 feet above the plain, the red crinoid 
beds are met with. The actual line of contact is concealed, and the 
two formations are dipping in quite diflerent directions, that of the 
limestones being north at about 20 degrees, while the red crinoid 
beds dip east at 45 degrees. In spite of this difference of strike, I do 
not think that there is any unconformability. The whole series pro- 
bably forms an anticlinal with its axis nearly north and south, but 
the general direction of the fold is obscured locally by minor cross- 
folds. 

The red crinoid beds are well seen between the third and fourth 
reversing stations, where there are some deep cuttings through them. 
The only fossils I could 6nd in them, are small fragments of crinoid 
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Stems and one badly preserved Orthoceras, the whole interior of 
which is filled with white crystalline calcite, but the position of the 
siphuncle is still discernible. 

These beds pass upwards into a thick series of flaggy limestones 
in regular layers, separated by bands of clay or shale, very well 
exposed in the cuttings between the i8th and aoth miles. Near the 
base of these, two or three bands of red shales are intercalated, 
exactly similar to the thick crinoid beds below and also containing 
crinoid stems. Higher up, at the 19th mile, numerous specimens of 
Ofthoceras occur in a small quarry close to the line; the dip here is 
northerly at about ii degrees. In a cutting immediately above this 
some carbonaceous shales are interstrafeified with the limestones. 

These limestones and shales are also well seen along the cart- 
road, some few miles to the south, in the neighbourhood of Nyaung- 
baw. At the 22nd mile, about a mile and a quarter below the 
rest-house, they contain fragments of a large crinoid^ some of the 
specimens showing the calyx with the arms attached, also numerous 
specimens of Orihoceras. 

On the railway these beds extend to about the 20th mile. 
They are greatly disturbed and faulted, and the same beds may be 
repeated more than once. Above the 20th mile there is a low, but 
well-defined, scarp, about 150 feet in height, at the top of which is a 
level plateau in which the village of Zebingyi stands. The railway 
skirts this to the north, exposing good sections. At the base a band 
of dark grey limestone, rather nodular, is seen containing numerous 
specimens of OrthocerasBxyi,2M occasional Trilohite [^0. 5). The dip 
here is to east-north-east at about 15 degrees. This band is followed 
by black calcareous shales (No. 6) containing numerous specimens of 
Graptolites^ matted together on the surface of the layers. With 
these occur enormous numbers of a small fossil, the nature of which I 
was at first unable to determine. They are in the form of minute 
spines, from about i to } inch long, and to J broad, A furrow runs 
for about half the length from the broader- end down the centre, and 
the whole fossil is beautifully ornamented with regular transverse 
striae. I thought that they might be a species of Theca or Hyolithes^ 
but i find that they correspond most closely to Tentaculites elegans 
(Barr.). The figure given in Vol. Ill, PI. 14, of Barrande's Silurian 
System of Bohemia might have been taken from one of the Zebingyi 
slabs. These fossils belong to the stages G and H or upper silurian 
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of Barrande^s classification) and with the Graptolites^ which appear 
to be all confined to the genus MonograpiuSt afford, I think, sufficient 
evidence that these beds belong to that epoch. 

The black shales at Zebingyi are followed by white, or light grey 
limestone (No. 7), in which 1 could find no fossils in this locality, but 
a few ill-preserved fragments of crinoid stems. The surface of the 
Zebingyi plateau is formed of this rock. The limestones, where first 
seen, are dipping in the same direction, ue^ easterly, as the graptolite 
beds, and apparently rest conformably upon them. 

Proceeding along the railway to the east of Zebingyi station, the 
white limestones are seen for about a mile dipping in a north-westerly 
direction. It is thus evident that the rocks underlying the plateau 
form a synclinal. About the 23rd mile the graptolite beds are brought 
up again, dipping N. 40. W. at an angle of 15 degrees. They are 
succeeded below, by a band of soft yellow shales with concretionary 
bands of hard limestone (No. 5). Here Trilo bites are more numerous 
than in the Zebingyi scarp, but they appear to occur only in the soft 
beds, and are difficult to preserve. The limestones immediately be- 
neath contain large numbers of Orthoceras^ but mostly in a fragment- 
ary state. 

Beyond this the line runs by a succession of severe gradients up 
the side of a steep ridge, on which the loiver flaggy limestones and 
shales (No. 3) are well seen. They are greatly disturbed and frequently 
dip at high angles, generally in a north-westerly direction. They appear 
to contain nothing but a few crinoid stems. About a couple of 
miles from the base of the ridge the red crinoid beds (No. 2) appear 
beneath the flaggy limestones, but are not well seen, as the latter 
quickly bend over again to the east. 

The axis of the Zebingyi synclinal appears to be inclined to the 
north, so that on the cart-road about three miles to the south of Zebingyi 
the graptolite and trilobite beds are not met with, but the whole space 
between Nyaungbaw and the foot of the high ridge east of Zebingyi is 
occupied by the flaggy limestones and shales (No. 3) with Orthoceras. 
At the foot of the ridge the red crinoid shales are again brought to the 
surface, dipping in a west-north-west direction. At first they occur 
as bands of only a few feet thick in the limestones, exactly as in the 
section above the fourth reversing station on the railway ; but a little 
higher up, between the 25th and 26th miles, there is a very thick band 
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of them. It was at this locality that Dr. Noetling discovered the lower 
Silurian cystidean Echinosphserties Kingi, and numerous spcimens 
may be found along the road a little below the 26th mile, associated 
with Ortkoceras and fairly well preserved crinoid stems. 

These beds are succeeded below by hard limestones, probably 
the samf as those exposed in the zizgags above Sedaw (No. i), which 
extend to the crest of the ridge to within a mile of Pyinsa village, 
from which Dr. Noetling named the series. * 

Immediately after crossing the crest of the ridge, and within a 
few yards of the hard limestone, the soft upper Silurian trilobite 
beds are again found, highly disturbed, but with a general north- 
easterly dip. They are evidently faulted down against the lower Sil- 
urian limestones. To the east, close to the village of Pyinsa, the grap- 
tolite beds are formed overlying them, in the bed of a small stream, 
that crosses the road immediately north of the village, and dipping 
steadily to e^t-north-east at an angle of about 15 degrees. The 
road here turns to the north and runs along the crest of the ridge 
following the strike of these beds, which are exposed at two or three 
places, vie., near the 29th mile, and again about a mile north of Then- 
daung rest-house near mile 32. A short distance beyond this, at 
the village of Thingunaing, they pass under the upper palaeozoic 
white limestones, which form another well defined scarp to the east 
of the road, but they are again well exposed in the same strike in a 
cutfang on the railway about half a mile above Thondaung (Waboye) 
station. Well preserved specimens of Craptolites and Tentaculites 
elegans with a small bivalve, may be obtained in the spoil pits along 
the line at this locality. 

The Pyinsa fault appears to die out in this direction, passing into 
an ordinary anticlinal fold, which is well seen in the cuttings on the 
ascent between Zebingyi and Thondaung station. The railway 
runs practically along the crest of the fold. 

Above Ihondaung station the graptolite beds pass beneath the 
white sandy limestones (No. 7), which extend all the way to May- 
myo, with a general easterly dip, and form the plateau on which 
the station is built. In some of the cuttings casts of small gastropods 
are found ^ in the limestone, but for the most part it appears to 
be unfossiliferous. 

To the north of Maymyo the white limestones extend for about 
two miles to the foot of a range of low-rounded, jungle-covered hills. 
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Sections of the rocks composing these are seen on the path to the 
village of Naungkangyi and they are found to consist of soft sandy 
shales, somewhat similar in appearance to the trilobite beds, but 
containing a very different assemblage of fossils. No Graptolites 
or Trilobites were found in them, nor could I find any specimens of 
the small Tentaculites elegans^ whose remains are so characteristic 
of the graptolite beds. Instead of these there are numerous speci- 
mens of Orthis and of plates of a small cystidean closely resembling 
Mimocystites bohemicus^ C2X2Li.oc or Bala fossil. These beds dip 
to the south-east at angles of 40 to 50 degrees and the white limestones 
are apparently faulted down against them. 

To the east of Maymyo the white limestones extend both along the 
railway, and cart-road to, and beyond the village of Wetwun. Casts 
of small gastropods occur in a spoil-pit on the railway about five miles 
from Maymyo. Just beyond Wetwun, at the 55th mile on the 
cart-road, a band of argillaceous shale or.Fuller's earth is badly exposed 
at the side of the road, containing numerous fossils, including many 
lamellibranchs, casts of a small Orthis or perhaps Atrypa^ and a 
fossil, badly preserved, resembling Theca ov Hyolithes, A Fenestella 
also occurs. The relations of these shales to the limestones cannot 
’ be made out, but they probably form a band in the latter. 

Beyond Wetwun nothing is seen along the road except an 
occasional, very small outcrop of white limestones, until the 73rd 
mile is reached, near the village of Kyaukkyaw, where the railway 
and cart-road cross a well-defined scarp running north and south. Here 
there is a deep cutting through the limestone, in which the intense 
crushing which the rocks have undergone, can be well studied. 
Slicken-sided surfaces are numerous, highly polished and covered 
with a thin red glaze, and the body of the rock is so crushed that it 
breaks into small fragments when struck with a hammer— a condition 
made use of by the railway engineers, who convert the rock, at the 
expense of a few charges of dynamite, into heaps of ballast, ready 
broken, for the railway. 

Immediately to the west of the deep cutting, there is a smaller one, 
in which some highly fqssiliferous shales (No. 8) are exposed. These 
dip to the east and appear to pass under the limestones, but as I 
found precisely similar fossils in some shales, to be described pre- 
sently, near Hsi Paw further to the east, where they occur at the 
top of the limestones, it is probable that they are faulted down 
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against the latter in the Kyatikkyan ridge. The fossils in the shales 
include numerous casts of Pecien, a small Conocardium, and other 
lamellibranchs, which have not yet been determined. The shales 
rest upon hard dark blue limestones in which fossils are numerous, 
which appear only as weathered sections on the surface of the rock. 

Beyond Kyaukkyan a plateau formed of the white limestones 
extends Nawnghkio to the edge of the Gokteik gorge, where the 
rocks bend over and plunge into the gorge with a steady easterly 
or east-south-east dip of about 30 degrees. The rocks are greatly 
crushed and full of small faults and gliding planes. On the opposite 
(north-east) side of the gorge the cliffs are entirely composed of the 
white limestones, which must be of enormous thickness unless they 
are rt'peated by faulting. Near the bottom of the gorge the rocks 
are almost entirely covered with a thick deposit of cavernous 
calcareous tufa of which the well-known " natural ” bridges are to a 
great extent composed. 

The cart-road crosses the gorge some miles above the railway- 
crossing, and the cuttings along it afford good sections of the rocks 
beneath the white limestones. For the first two or three miles 
limestone is seen at intervals ; then at the short cut above the eighty- 
fourth mile there are some soft yellow, sandy beds, containing badly- 
preserved fragments of crinoid stems, probably the representatives 
of the trilobite beds of Zebingyi {No, 5)* These are again 
exposed on the eastern side of the gorge, just above Chaungow rest- 
house, at mile 88^, where I found specimens of Encrinurus punctaius 
in them, as well as numerous casts of Orthis and Petraia. These are 
followed beneath by grey, sometimes purple, calcareous shales and 
limestones, which are well exposed on the zigzags along the road, 
between the 84th and 86th miles. In places, notably at mile 85, 
these rocks are crowded with fossils, mostly casts of Orthis and 
Strophomena. The cystidean plates found in the shales north 
of Maymyo also occur here in considerble numbers, and I think 
there is no doubt that these beds are identical with those of Naung- 
kangyi (No. 4). The shales and limestones dip east-south-east at 
about 30 degrees and continue to the bottom of the gorge. They are 
seen again on the ascent near Chaungzow rest-house, but on this side 
I could find no fossils in them. 

The same beds occur some miles higher up the western branch 
of the river that flows through the gorge, on a path that crosses it due 
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north of Nawnghkio, but are very badly exposed and the fossils are 
quite fragmentary. 

Returning to the eastern side of the gorge the yellow trilobite 
beds above Chaungzow are found to be followed by the white 
limestone I searched for the black graptolite beds here, but could 
find no trace of them. From the edge of the gorge the limestones 
extend for a long distance along the road; in fact, hardly any 
other rock is seen for some twenty miles. In a spoil-pit on the 
railway, two miles north of Gokteik station, numerous casts of 
small gastropods and a little bivalve probably a Pterinea occur 
in the limestone, and within a few yards there is a small outcrop 
of argillaceous shales, similar to those at Wetwun, containing 
a few fossils among which a Lingula (?) is most common. Here 
again the relations of the shales tathe limestone cannot be made out. 
A short distance further up the line, at mile Sgi on the cart-road, 
the shales and limestones are seen in contact, but are greatly disturbed 
and evidently faulted against each other. Between Pyaunggaung 
(mile 105) and Lwekaw (mile 116) on the cart-road, nothing but lime- 
stone is seen, the road running along the strike of the beds, which 
dip generally to east-south-east. But on the railway, about five miles 
beyond Pyaunggaung, there is an outcrop of very soft sandy beds, 
full of fossils, including Fenestella retiformis in large numbers, 
Encrinurus punctatuSy Strophomenay OrthiSy and many crinoid 
stems. These beds are quite isolated, but they dip apparently 
beneath the white limestones. Further on, about three miles west of 
Lwekaw, a band of shale occurs in the limestone, containing minute 
bivalves and fragmentary plant remains. Some of the shales are 
here distinctly carbonaceous. 

Beyond this nothing further is seen, up to the 123rd mile on the 
cart-road, about a mile west of the village of Kyinsi. Here some 
light grey shales with nodular bands of blue limestones are exposed 
in the railway cuttings, containing the same assemblage of fossils as 
at Kyaukkyan. The shales rest upon thick dark blue concretionary 
limestones, the whole dipping north-north-east at 20 to 30 
degrees, and fossils also occur in the limestones, only showing as at 
Kyaukkyan on the weathered surface of the rock. The white lime- 
stone occurs in the jungle on the southern side of the cart-road, which 
runs here close to the railway, and apparently dips beneath the blue 
limestone and shales, but the actual contact is not seen. 
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A few hundred yards to the east of the fossiliferous shales, but 
separated from them by a blank space, a very different series of 
beds is seen. These are soft red and green clays interstratified with 
thick beds of soft red and brown sandstones. ^Vhe^e first seen they 
are dipping north at from 40 to 50 degrees, but on following the 
beds along the railway beyond the bridge over the Namsim, they are 
found to be greatly disturbed and folded. To the east of this the valley 
opens out into a broad level plain covered with rice fields, through 
which the Nam Tu (Myitnge) flows, and no rocks are visible. Where 
the hills close in again, however, to the east of Hsi Paw, the red 
sandstones and shales are again met with, thrown into narrow folds 
striking north-east along the valley of the Nam Tu, and very well ex- 
posed in the railway cuttings through the spurs bordering the river. 
The sandstones are occasionally hard enough to form an excellent 
building stone. They occupy the whole valley of the Nam Tu up to 
its junction with the Namyao, or Lashio river, and continue up the 
valley of the latter to about five miles above its junction with the 
Namma below Se Ing rest-house, where they are faulted against the 
white limestones. The red sandstones are also seen on the cart-road 
between Hsi Paw and Kontha rest-house, but no good sections are 
exposed. At Se Ing the limestones form a narrow gorge through 
which the river flows for several miles. 

About a mile above the junction of the Namyao and Namma, 
I found in one of the railway cuttings a few fragmentary fossils in 
the red beds, mostly lamellibranchs. They have a certain resem- 
blance to some of the fossils in the Kyinsi shales and it seems prob- 
able that the latter with the red sandstones form one series. From 
a cursory examination of the fossils it appears not unlikely that the 
whole sequence may be devonian. Fossils must be very rare in the 
red beds, for although I searched carefully I found none except in 
this one locality. 

Higher up the valley of the Namyao, limestone is the prevailing 
rock, but the river runs along the boundary between it and the red 
sandstones, and the latter are occasionally seen in the railway cuttings. 
The actual junction is not seen anywhere, and I could not find the 
Kyinsi fossiliferous shales, but the whole country is covered with 
dense jungle and soft beds of that description are apt to be concealed. 

The Namyao in this portion of its course affords many fine ex- 
amples of the natural dams or weirs of calcareous tufa already men* 
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tioned. They succeed each other at intervals of a few hundred 
yards all the way up the river and are of very various heights, 
from a few inches up to several feet. Some five miles above Se Ing 
they are especially numerous aud resemble a huge salmon ladder. 
At the top is a very fine waterfall the whole face of which is 
covered with tufa. These dams take the place of the rapids in an 
ordinary river, but it is difficult to see how the growth is started, 
for one would expect it to be washed away as quickly as it was 
formed in the broken water of a rapid. From the appearance of the 
fresh deposit, which is often of a vivid green colour, I suspect 
that it is to a great extent organic in origin and that it is built up 
by minute algae much in the same way in which a true coral reef 
is formed. 

The white limestone continuesalong the valley of the Namyao to, 
and beyond Lashio j in fact, it extends as far as the Salween, but it 
is generally concealed by recent clays. There are no railway cut- 
tings along this portion of the route and very little of the rocks can 
be seen. About four miles to the north of Lashio, where the road to 
the Kunlon ferry crosses the Namyao, a small patch of shale crops out 
containing very ill-preserved fragments of plants ; and near the vil- 
lage of Mongyaw at the head of the valley some minute rounded 
bodies occur in the limestone which may be organic, but beyond 
these I could find no fossils whatever. The red sandstones appear 
cupping the hills to the south of the valley between Mongyang and 
Mongyaw, but do not contain any fossils, so far as 1 could see. 
Beyond Lashio the road to Kunlon runs practically along the strike 
of the rocks and nothing can be seen of the formations lying to the 
north or south of the route. 
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Notes the Geology of the country along t\ie Mandalay-Kunlon 
Ferry Railway Route, Upper Burma, by P. N. Datfa, B.Sc., 
(London), F.G.S., Deputy Superintendent, Geological Survey 
of India. 


The projected line of railway from Mandalay to the Kunlon 
The projected railway; On the Salween in Upper Burma, passes 

through Maymyo, the hill station of the Lieute- 
nant-Goveinor of Burma, Thibaw (Hsi Paw), 
and Lasbio, the head-quarters of the Superintendent of the northern 
Shan States. There is a cart-road from Mandalay as far as Lashio, 
.and the railway has followed close to this old cart-road as far as 
Thibaw. £ rom Lashio there is no cart-road, but only a muLe-track 
as far as the Kunlon Ferry, 

This line of railway, the first section of which, from Mandalay 
to Maymyo, a distance of about forty miles, was to be opened on the 
1st of April this year, runs from Mandalay in a general north-east by 
east directi m, the first fifty miles or so being in the Mandalay District, 
and the rest in the adjoining northern Shan States. As I, however, 

&aeia»frouUtra«trsed. ^ few miles beyond Thibaw (Hsi 

raw), about 140 miles by the cart-road from 
Mandalay, my examination of the ground extends therefore to the 
neighbourhood of Thibaw only. 

From Mandalay to Tonbo, which is ten miles south-east of 
Mandalay, the railway runs over a plain which shows no exposures 
of solid rock, the hills commencing near Tonbo. 

Due east of Mandalay the plain extends for about 5 miles or less, 
pw * wr limestone composing the foot hills here being 

war* if Ua^a^y. * Continuation of those seen in the neighbour- 

hood of Tonbo, the beds striking here very 
nearly north and south. 


The hillock called Mandalay Hill just north-east of the Mandalay 

Mandate^ Hill: its Crystalline lime- 

probable age. stone, tue bedding being distinct and the rock in 

, many places quite unaltered. The strike is 
TcTm « ^ south by east, with a high dip to the eastwards j that 

form- with that of the beds 

forming the foot-hills to the east. Although the identity of the dip 
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and strike of the Mandalay Hill limestone would point to its 
belonging to the same sequence of beds as the limestone of the foot- 
hills to the east, still in view of the altered (crystalline) condition 
of the rock and the non-discovery yet of any fossils in them, it 
would seem to be best to leave the question of its age yet open and 
to say only that the limestone of the Mandalay Hill is probably of 
the same age as the limestone of the foot-hills. 

Dr. Noetling, Palaeontologist to the Geological Survey of India, 

Previous observations; ^ ad gone Over this ground along the Mandalay- 
Dr. Noetiing*s classijicar Lashio cart-road, and the result of his observa- 
tions was published in the Records, Geological 
Survey of India, Vol. XXIV, Part 2, page 99. The rocks were 
classified by him into— 

1. Gneissic formation. 

2. Submetamorphic formation. 

3. Palaeozoic group ranging probably from the Cambrian to the upper 

Silurian system. 

4. Red sandstones of undetermined age. 

5. Tertiary formation. 

6. Alluvial formation, probably younger miocene. 

7. Volcanic rocks ; porphyry of unknown age, granite of gneissic age.^ 

Of these formations, Nos. i, 2, and 7 do not at all occur along the 
track gone over by me. Alluvium does occur here and there in the 
neighbourhood of streams, but I did not stop to map it, as it would 
have been sheer waste of time to attempt this with the maps we 
had at our disposal. The ground examined by me included princi- 
pally the beds grouped above as No. 3 and also portion of No. 4. 
Whether any of the beds occurring here are tertiary can only be 
determined by the fossil contents, but no tertiary fossils were found 
by me. 

In the above paper Dr. Noetling classifies all the limestone beds, 
commencing from those that form the foot-hills^ 
the hills forming the westernmost border 
of the northern Shan plateau, extending to 
Pyintha and further east across the Shan plateau, into two divU 
sions 

I. Mandalay limestone without fossils (lower) ; 

* Rec., G. S. I,, Vol. XXIV, Part 2, loj. 
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2. Pyintha limestone with fossils of lower Silurian epocb 
(upper) ; 

and in the lower division is included all the limestone composing the 
foot-hills, while the beds occurring in the neighbourhood of Pyintha 
formed the Pyintha beds, the lower division or Mandalay limestone 
being in this classification characterized by the absence of fossils. 

I commenced work at Tonbo at the very edge of the hills 

miUbyTonUMOli. the Shan plateau, and the first fossils 

ferous* here were obtained at to H mile north by west 

of Tonbo village. In fact all the hills about here, 
*.e., to the N., N.E. and E. of Tonbo, extending as far as Sedaw vil- 
lage to the east, close to where the Mandalay-Kunlon Railway leaves 
the plains and begins its first zigzag hilly ascent, were found abund- 
antly fossiliferous, the only drawback being that in many cases the 
fossils could only be seen in sections, in casts or in fragments, render- 
ing their collection and identification difficult or impossible. Fossils 
are also met with in great numbers as one goes up the hilly foot- 
track from Sedaw towards Zibingyi. 

As thus the limestones of the foot-hills, beginning with the very 
Z)f. Noeilin£^s group* edge of the hills skirting the Mandalay plain, 

contain fossils, Dr. Noetling’s divi- 
of “Mandalay limestone without fossils, “ 
longer tenable. As for the series of 
Pyintha limestone ; " the fossils of his “ Pyintha “ beds are not of 
a character or kind to entitle the beds to the rank of a separate divi- 

ril?' "“til we are in a position to undertake the 

minute subdivision of the different series of beds, which we certainly 
are not yet. If they are lower silurian in age, then they but form 
t” Pftion of the entire thickness of the beds, namely, 
near Tonbo to the neighbourhood of Zibingyi, which belonging 
as they seem to do to the lower silurian epoch, will thus include the 

f o • the divisional name 

0 Fymtha limestone cannot also be retained. 

There is another reason why, in view of the fossils found this 

ntmToJ “ P® r (Pyintha), the 

Ti/i \ I'niestone could not be appropriately retained, 

and It 's that the Pyinsa village actually stands on beds which 

P K-- (*>., probably of the upper silurian age) 

than the Echinosphmrites beds which are of the lower silurfan 
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epoch. ^ If the term “ Pyintha " has now to be used as a group-name 
at all, it can now only be properly used to designate the trilobite 
and graptolite-bearing beds on which the village is actually situated, 
and not beds at a distance with a different set of fossils. 

The name of "Mandalay” might be retained for the group of 

Why local name ^ designated as " Tonbo 

« KSiLv series, ” representing the limestones of the foot- 

hills near Tonbo, Sedaw, etc. But the local 
name of " Tonbo ” seems preferable for several reasons. Besides, 
by " Mandalay group ” Dr. Noetling included all the beds up to the 
base of the Echinosphaerites beds occurring between Nyambaw and 
Pyintha, the Echinosphaerites beds being grouped distinct and as 
"Pyintha” beds. But my Tonbo series includes the beds underlying 
the Echinosphaerites beds as well as the Echinosphaerites beds 
themselves. So the retention of the name of " Mandalay ” as a 
group-name might introduce confusion. So it seems best to 
represent the series under the designation of “Tonbo” beds. 

From their position in reference to his Pyintha group, the 
"Mandalay Limestone without fossils” was looked upon by 
Dr. Noetling as Cambrian (Records, Geological Survey of India, 
Vol. XXIV, Part 2, page 104). From the fossils collected, however, 
this season. Dr. Noetling is now of opinion that they are silurian in 
age. 

The railway line, as already indicated, passes over the Mandalay 

Nature of the country Tonbo, a distance of ten miles to 

aong the route -• Along the south-east from Mandalay. But though the 
therathoay. , . 

hills commence here, the railway runs for another 
three miles, i.e,, as far as Sedaw, over level ground. At Sedaw 
it begins its first zigzag ascent of the hills attaining a considerable 
height at Zibingyi over steep gradients, and from Zibingyi it still 
goes on ascending until it reaches, at an elevation of over 3,000 feet 
above the sea-level, the station of Maymyo, the highest point on 
the Mandalay- Kunlon Ferry line. From Maymyo the line follows a 
north-east by east course along the edge of a valley as far as Wetwin 
("Wenwi” of map), crossing the Kelaung stream there. From 
Wetwin the route passes over a low level ground — evidently the 
bottom of a valley, with innumerable streams running to the south- 
east, until Kyaukkyan is reached, where ascending a slightly higher 
ground it runs on to the Gokteik gorge. From the eastern side of 

H 2 
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the gorge the railway runs over a fairly level ground by Pyoung- 
goung, and crossing the Namsim near its mouth and keeping in the 
valley runs on along the right side of the river by Thibaw (Hsi Paw) 
and past it. 


While the railway line begins its ascent of the plateau near 
Along the cariTMi. ^edaw, the cart-road from Mandalay to Lashio 
en route to Kunlon, ascends the table-land about 
a mile and a half west of Nyaumbaw, that is, at about 4 miles south 
by west of the Zibingyi Railway Station. A couple of miles east of 
Nyaurabaw or one mile east of Zibingyi station, there is a sudden rise 
in the grotind, looking like a hill range from the west, running north 
and south, but really due to the elevation of the ground with a change 
of dip of the beds to the west. Up to this point (Nyaumbaw), the 
cart-road had kept a roughly south-east course from Mandalay, but 
from here it begins to run north-east, keeping all along fairly close 


to the railway line, and this direction is maintained up to and 
beyond Thibaw, 


Among the foot-hills in the neighbourhood of Tonbo, Sedaw, 

Relation of strike of Kwetnepah, etc., it is obvious that the direction 
beds with the trend of the of the hill-ranges is Coincident with that of the 
* strike of the beds. Further inwards into the 

plateau, to the eastwards, the map being of an unreliable charac- 
ter, it becomes difficult to tell how far this agreemen t holds. By 
Tonbo and Sedaw the beds strike north by west, south by east, with 
a high general dip to the east. And although there may be noticed 
occasional dips to the west, due to folding, it is quite clear that 
as a general rule the series is ascended as one proceeds from the 
foot-hills at the western border of it eastwards across the plateau. 


It will perhaps be best if the rocks in the different localities were 
at first separately noted in their proper order as one proceeds from 
west to east, their relations with one another being indicated later 
on. Following this plan I will begin with Mandalay itself. 

From the agreement of the dip and strike of the beds of lime- 


Mandalay BiU. limestone of 

the hills to the east, the Mandalay Hill lime- 
stones are evidently of the same system of rocks forming the hills to 
the east. 
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Loealiiy for fossils^ 
norih^wesi qf Tonbo* 


Tonbo stands at the very border of the foot-hills of the Shan 

mils Hsar Tonho P^^teau. The hills are composed of a generally 
thick-bedded limestone, the rock varying in 
colour from blue to light to dark grey and to bluish grey. That the 
rock has been subjected to considerable pressure is proved by the 
presence of innumerable irregular cracks and jointing, often slicken- 
sided and by the rock being in places semi-crystalline and brec- 
ciated. While the blue limestone, often semi-crystalline, was found 
here to weather with a black crust, the greyish limestone weathers 
yellow. North of the village, even at the very foot of the hills, the 
limestone is clearly seen dipping at 6o° to 70°, and even at a higher 
angle, to the eastwards. 

The first fossils here were obtained at half a mile north by west 
of the village, at the very edge of the hills, about 
thirty feet from the level of the fields. From 
three-fourths of a mile to one mile, on the slopes 
of the hills facing the plains,, north by west of Tonbo village, corals 
and bivalves, often fragmentary, are abundantly seen on the weathered 
surfaces of the rock. Foraminifera, corals, sponges, and minute 
crinoid stems are also observable here. Here some big casts of 
bivalves, which were difficult to identify, were also seen. 

Another good locality for fossils in this neighbourhood is about 
miles east by north of Tonbo, Fossils are 
Fossils easi^^norik of collected here either on the weathered 

surfaces of the beds or on the detached wea- 
thered fragments strewn about among the beds on the slopes. 

This village is situated on the Myitnge river, about four miles 
south-east of Tonbo, In marching from Tonbo 
to Kwetnepah, exposures of limestone are met 
with on the road a mile past Ongyaw. The rock is of the same 
character as north and north-east of Tonbo and also with a similar 
dip and strike. Among the fossils found here the coral at least is 
identical with that found north of Tonbo. That the hill-ranges near 
Kwetnepah on the Myitnge are a continuation of those of the 
Tonbo is evident from the identity of strike of the beds and of the 
hill-ranges in the two places and also that of fossils. The range 
that is seen south by east of Kwetnepah, on the left bank of the 
Myitnge, and catches one's eye from its rugged bold outline from a 
considerable distance, is, there can hardly be any doubt, of the 
same age as the hills near Tonbo. 


Kwiinepah, 
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Fossils t 


Sedan. 


The limestones forming the range half a mile east of Kwetnepah 
are also remarkably fossiliferous. Bivalves, 
corals, sponges, gastropods, etc., abound ; while 
some distance up the slopes, at a point one mile north-east by east 
of the village, some beds seemed made up of masses of a coral 
(Strombodes ?)• Three or four kinds of corals were noticed on the 
slopes, one of these at least, a Syringopora, being apparently identical 
with that found near Tonbo. The rock is light to dark grey and 
bluish in colour, dipping east by north at 85^. 

While in the neighbourhood of Tonbo, Ongyaw and Kwetnepah 
the hills seemed to be made up of nothing but 
limestones, varying in colour from light to dark 
grey and to blue, it is for the first time near Sedaw that one meets 
with argillaceous shales interbedded with the 
dir£i laceeus s a es. limestones. About half a mile north-west of 

the village one can see occurring in the shale harder lenticular 
patches of a calcareous shale or shaly limestone, these patches often 
yielding fossils. Strike of the beds here is north-west, south-east- 
Almost due north of the village, half a mile or so from it, some 
reddish shales are seen. Among the fossils 
found here are coral and echimodermatous 
remains, besides sections of shells. 

A tributary from the north falls into the main stream at three- 
quarters of a mile north-east of Sedaw village. 

0/ sides of the valley show thick-bedded lime- 

stone, but that the centre is occupied princi- 
pally by shales, though none is to be actually seen, is evidenced by 
d^brts found in the bottom of the valley. 

One mile due east of the Sedaw village is the little railway station 
(Sedaw) at the foot of the plateau, and here 
'Ip 7 h 0 ktns!^^°^ fh® railway begins its ascent of the hills. This 
station is on the thirteenth mile on the line. At 
the foot the limestone, well exposed in the cuttings, is seen to dip 
W. 15® S. at 50®; but goingupthe slopes direct- 
ly above this point one finds the beds near the 
top dipping at 35® to E. 10° N., showing that here the limestone 
beds form a sharp anticline. Looking from this high point north- 
wards, one notices an exposure of a very red coloured rock towards 
the head of the valley of the tributary stream which falls into the 


Fossils, 


Over an anticline. 
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Sedaw river three^-quarters of a mile north-east of Sedaw. There 
is little doubt that this red rock is a portion of the synclinal fold 
of the red shale which is well exposed on the railway about the 
17th mile (see Plate, Pig. i). The railway 
Redskaies^^the i7ih leaving the Sedaw station goes up in a 

very zigzag line as it first ascends, and follows 
a general south-east course for some distance, then turns north- 
east and shortly reaches the third and fourth reversing points 
between the seventeenth and eighteenth mileposts. Here is ex- 
posed a thickish mass of bright red calcareous shale, dipping 
E. 10° N, at 50® to 55°. The red shale is highly calcareous, much 
pressed and indurated and often exhibits a shining lustre along the 
lamination planes. Occasional minute stems of crinoids are all 
that could be obtained from these beds in the shape of fossils. 

It is noticeable that if one comes up from the foot of the hills 
Fosaik along the new railway cuttings one does not 

come across or see a single indication of a 
fossil, however closely one might examine the fresh faces of the 
rock exposed in the cuttings, leading one to suppose that these beds 
must be perfectly devoid of organic remains. But let one follow 
the old foot-track that ascends the same hill to the north of the 
railway line — the old footpath leading from Sedaw to Zibingyi— 
and one is agreeably surprised at the quantities of fossils one meets 
with on the very foot-track on the weathered surfaces of the rock* 
is specially abundant, with Orthoceras^ Gomphoceras (?), 

etc., etc. 

The red shales just above referred to, pass eastwards, 

upwards, into mud-coloured argillaceous shale. 
This argillaceous shale is in places blackish 
and exceedingly hard, as seen by the i8th 
mile. From this point the Zibingyi railway station liea about two 
miles east by north in a direct line, but the actual length of the rail- 
way between these points is four miles. Proceeding towards Zibingyi 
from the eighteenth milepost various kinds of limestone are passed 
over, all dipping eastwards and rather at a high angle. Occasionally 
a bed or two of limestone, perfectly black in colour, is met with 
which might be taken for coal from a distance. About midway 
between the i8th mile and the Zibingyi station argillaceous shale* 
are seen, these often being reddish in colour and with concretionary 
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masses of limestone, grey or flesh-coloured, and fossils such 
as crinoidsp Orihoceras^ etc., have been found In them. Nearer 
Zibingyi, these red shales and clays with calcareous concretions are 
succeeded by limestone beds which on approaching Zibingyi as- 
sume a low dip. 

About miles west of Zibingyi station, fragments of trilobites 

Zibingyi incline. together with conical little bodies 

beautifully sculptured transversely, which are 
most probably Styliolas. Next after passing over some limestone and 
argillaceous shales were found monoprionidian graptoUtes, with some 
minute bivalves, etc. For a mile west of the station hardly any 
exposures of rocks are visible ; but proceeding east along the line and 
past the station, some thin-bedded limestones and soft yellow shales 
are met with one mile east of the station. These dip, however, to the 
west and contain trilobites and graptolites, together with the Styliolas 
and bivalves. Thus there is a little syncline here with Zibingyi 
station as its centre. 

If one proceeded by the cart-road from Tonbo, which is on the 
thirteenth milepost on the Mandalay-Lashio 
cart-road, he would meet with thick-bedded lime- 
stones with corals, etc., up to a point ij- to 
I i miles north-east of Kwetnepah. A little beyond this point is 
the seventeenth milepost (on the cart-road), and beyond this is an 
„ , , , exposure of a red calcareous shale, which is 

evidently an outcrop of the same rock as is 
exposed about the 17th mile on the railway. From here the road 
keeps a zigzag south-east course for some distance, often showing 
the same red and grey argillaceous shales, with limestone beds much 
disturbed and folded. The cart-road ascends the plateau in a zigzag 
manner i J to ij miles west of Nyaumbaw. A little over a mile west 
of the Nyaumbaw Inspection Bungalow, which 
is on the twenty- third milepost on the cart- 
road, or to be precise, between the fifth and sixth furlong posts past 
the 2ist mile, I found, in a light grey limestone with argillaceous shale, 
some fine specimens of the stems and arms of 
specimen^ofajarge ^ crinoid, with Orthoceras, etc. The rock 
about here is a grey thinnish-bedded limestone 
with calcareous and argillaceous shales, the shaly limestone being 
sometimes of a flesh colour. By the police station and the Priests' 


By the cart^toad from 
Tonbo. 


Nyaumbavi, 
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House at Nyaumbaw a limestone which unweathered looks not 
unlike a gneiss, is associated with reddish shales with calcareous con- 
cretions and yields abundance of rather small crinoid stems and Ortho- 
ceras. Between the twenty-fifth and twenty- 
sixth mileposts, that is, about two miles east of 
Nyaumbaw, and at the foot of the rising ground, 
the rocks are also well exposed, being a red shale with calcareous con- 
cretions interbedded with thin-bedded limestone, and in these shales 
were found Echinosphserites^ OrthoceraSy crinoid stems, etc., and with 
these, also some other fossils rather of large size, some measur- 
ing four to five inches across, occur. But what they may be it has 
not been possible to determine yet. 

The rise in the ground here corresponds to a change in the dip, 
that is to the western direction, of the beds, this line of elevation 
being the continuation of the high ground also seen one mile east of 


the Zibingyi station. 

Proceeding up this steepish rise along the cart-road, the level 
ground is reached i to I mile west of Pyinsa 
Pyinsa and neighbour- Pyintha) (between the twenty-sevenlh and 

twenty-eighth mileposts) and here the beds are 
seen resuming their dip again to the east. A short distance before 
Pyinsa is reached, soft yellowish shales with trilobites and Styliolas are 
met with dipping east. A little to the south-east of the village is expos- 
ed, on a stream-bed, a dark grey to blackish lime- 
Zibingyi beds, stone with graptolites. Coming back again to 


the cart-road and going north one comes upon, at a point between 
the first and second furlong posts past the 29th mile, that is, about 


li miles short of the Thongdaung Inspection Bungalow, and in the 
very middle of the road, some thin-bedded black limestone which has 
only to be turned up to show the graptolites they contain, being 
evidently an outcrop of the same beds as are seen on the stream-bed 
south-east of Pyinsa. From here hardly any exposures are seen till the 
sixth furlong post after the thirty-first milepost is reached, when 
some yellow shaly clay containing trilobites and Styliolas are met 
with. Beyond the village of Chingenah (on the 32nd mile) mud" 
coloured argillaceous shales interbedded with limestone bands are 
seen, dipping east at 20® and evidently overlying the series of beds 
containing trilobites and Styliolas just seen to the south. As from 
this point beds higher in the sequence are met with as one proceeds 
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along the cart-road towards Maymyo, we might deviate here a little 
from the cart-track and inquire if the trilobite and graptolite bearing 
beds of Zibingyi are to be seen along the railway line east of Zibingyi, 
They do appear on the line about one-third mile north of Thongdaung 

fsiheii. aistance south of Waboye village. The beds 

tere have yielded irilohiies, grapicHies, and 
Styholas with a fair sprinkling of bivalves, etc. Thus the trilobite and 
graptolite beds \vhich form a small syncline about Zibingyi occupy 
also two other areas in the neighbourhood, namely, one about the 
Pyinsa (Pyintha) and Thongdaung villages and the other between 
the Thongdaung Railway Station and the Waboye village. As I 
was directed to march rapidly through this part of the country, 
I made no attempt to trace the boundaries of these areas. 

As one proceeds north-eastwards either along the rkilway from 
near the village and Waboye, or along the cart-road from near 
Chimgenah, one meets with beds higher and higher in the series. 

Before noticing these higher beds, a word more might be said in 

Red calcareous shales./ Sedaw-Zibingyi section. We 

sevenieenth milepost on lOund a mass of red calcareous shales bv tb#» 
CheEailiaay andtheEchi^ m .1 , . ^ 

ncspharites’^earing beds. mile on the railway, these being also ex* 
posed between the seventeenth and eighteenth 
mileposts on the cart-road. We also found certain red shales with 
calcareous beds well exposed between the twenty-fifth and twenty- 
sixth mileposts on the cart-road (about two miles east of Nyaumbaw) 
these coming in below the Zibingyi trilobite and graptolite-bearing 
beds and yielding Echinosphmrites, etc. It seems to me that the first- 
named red shales are lower in the series than the Echinosphaerites- 
bearing beds. For, in the first place, in physical characters they 
present great differences; for while the red shales by the 17th 
mile on the railway are highly calcareous, much pressed, and indu- 
rated, presenting a shiny lustre on the lamination planes and free 
from any calcareous concretionary masses in them, those on the 
cart-road, well seen between the 25th and 26th mileposts are, 
on the contrary, not calcareous (at any rate nothing like what 
the others are), do not exhibit the signs of the great pressure 
and^ crushing, such as induration and production of shiny lustre along 
lamination planes that the others show and have abundance of 
concretionary masses of limestone associated with them. In short. 
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[)hysically, the one looks quite dilferent from the other. As for 
organic contents, while only minute crinoid stems were all that 
could be had from the one, abundance of remains of Echinosphaerites 
and other fossils occur in the other. 

With reference to the structure and age of the Tonbo-Sedaw 
section, the beds are nearly vertical, the 
'' general strike being north by west, south by 
east. It is also very probable that there has 
been some repetition of the beds through folding here. That the 
limestones in the neighbourhood of Tonbo are the same as those near 
Kwetnepah appears certain from the strike of the beds and also from 
similarity of fossils. Of the foraminifera, corals, sponges, crinoids, 
bivalves, gastropods, and cephalopods that have been found here, the 
greater part have not yet been determined. As the Tonbo-Sedaw 
section is meant to include all the beds below the Zibingyi syncline^ 
the shaly limestone containing the rather fine specimens of the arms 
and stems of a large crinoid found on the cart-road between the 
twenty-first and twenty-second mileposts (that is, one mile west of 
Nyaumbaw), as well as the Echinosphseriies^^htzxin^ red shales with 
calcareous concretions, come in in the upper part of the Tonbo-Sedaw 
section. From among the fossils found in the beds bordering the 
plain just north of Tonbo, Dr. Noetling identifies a coral as of the 
Silurian age. Hence these beds composing the foot-hills near Tonbo 
are silurian, that is lower Silurian, in age. 

Zibingyi section,~hs only monoprion idian graptolites have 
been found in these beds and no diprionidian 
Zthingyi beds iiketr age. ^^iis would seem to indicate an upper 

Silurian age for the Zibingyi beds. 

Wahoye-Maymyo Section , — ^After passing over the trilobite- 
bearing shales last seen on the cart-road a little 
Along ike cart-road. short of the thirty-second milepost, one comes 

upon, in going northwards towards Maymyo, limestones with shales 
between the thirty-second and thirty-third mileposts. Exposures 
then become scarce, only bits of limestone being occasionally visible. 
A little past the 39th mile the road passes through a low range 
which shows a light grey .sandstone, hard, compact, and moderately 
fine-grained at the foot of the hill, but getting finer-grained and 
quartzitic towards the top, the dip being east-30 -north at 20 . This 
is the first sandstone one comes across after leaving Tonbo. After a 
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short blank another range is crossed by the cart-road at between tha' 
fortieth and forty-first mileposts, where the rock from being a white, 
soft, friable, flaggy sandstone, rather coarse-grained, passes up into 
a bluish, hard grey, compact, thick-bedded, calcareous sandstone or 
siliceous limestone, in places quite brecciated. Of such rocks are 
made up the hills one mile west of Maymyo. The dip is here 
25*^— 30® to east-i5°-south. 

The same section is better exposed on the railway track from 

Along ike railway. f ayboye to Maymyo, the principal rock seen 

being a sandy limestone or calcareous sand- 
stone with occasional intercalations of shales, all dipping eastwards* 
No fossils except a few minute gastropods were extracted from these 
beds. 

That the section is an ascending one, the dip of the beds as they 
The section an ascend- followed from Thongdaung Railway Station 
tng me, towards Maymyo, would clearly indicate. But 

if that were not quite convincing, the fact of the introduction of a 
new, i,e., sandy, element in the hitherto perfectly purely calcareous 
rocks, giving a new character to the beds in this section, ought to 
remove all doubt. For nowhere in the Tonbo-Sedaw section does one 
ever meet with anything but perfectly purely calcareous beds, free 
from any admixture whatever of any sandy element. If the Waboye- 
Maymyo beds were older than the Zybingyi trilobite-bearing beds, 
then we should hardly expect that, while the Waboye-Maymyo beds 
were deposited in shallow and non-clear waters, there should not be 
even a trace of such impurities whatever, in the beds underlying the 
Zibingyi series anywhere else and in beds evidently laid down in 
such close proximity. 

Maymyo is situated on a piece of level ground surrounded on all 

Uaymyo, south-west the 

hills show sandstone and siliceous limestone, 
dipping east by south at about 25°. North westwards the exposures 
are few, limestone being occasionally visible. But the hills to the 
south are even more disappointing, for in that direction it is difficult 
to come upon a piece of solid rock, a thick mass of soil overspread- 
ing the ground everywhere. Towards the north, however, i.e., on 
the footpath leading to Naungkangyi as well as that to Tonbo, and 
at a point about two miles north of Maymyo, yellowish shaly clays and 
sandy shales are exposed and they are found to be fairly fossiliferous 
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Critioid stems, Orthoceras, fragments of trilobites, Orth is, Stropho- 
mena, Rhynchonella, etc., are derived from here, though often much 
distorted, owing to the great crushing to which the beds have evidently 
been subjected. Some of the shales are somewhat white and chalky, 
while others are ferruginous. 

Maymyo ison the 42nd milepost on the cart-road to Lashio on 
the way to the Kunlon Ferry, while Wetwin 
Wenwi of map) is on the 55th. In proceed- 
ing from Maymyo to Wetwin by the cart-road 
exposures are few, but the rock chiefly seen is the calcareous sand- 
stone or siliceous limestone. If one goes along the railway track, 
beds of a greyish limestone with a distinct dip to the east are visible 
on the stream-bed about one mile east of Maymyo. Beyond this 
point, although the cuttings show the sandy limestone all along the 
line to Wetwin, they are found so pressed and crushed and 
broken that it is often difficult, if not impossible, to even make out 
the dip, and this state of things continues all the way to Wetwin. 
With the exception of a very few minute gastropods found about 
half-way between Maymyo and Wetwin, no other fossils were ob- 
tained from here. 

Just north of the village of Wetwin, by the 55th mile on the 
cart-road, the western bank of the road exposed, 
Fossils. being cut into a grey to yellowish toughish 

shale, and from this a fair collection of fossils was made, among the 
fossils being Pterygotus, Fenestella, bivalves, etc. 

The cart-road on leaving Wetwin runs at first north by east and 
then a north-east course is maintained till it 
Wetwin io Kyaukkyan. Kyaukkyan on the 74th milepost. 

This interval from Wetwin to Kyaukkyan is almost a perfect blank, 
because of the ground being here low and level and nothing what- 
ever being seen except bits of limestone here and there. A good 
deal of alluvium overspreads the country. Even the hills, as between 
Sikho and Thonze, present no exposure of rocks owing to the thick 
soil. After passing over this blank of nearly eighteen miles, it is a 
great relief and satisfaction to come across, at 
Fossils if Kyaukkyan^ Kyaukkyan, shales which yielded plenty of 

fossils. A low range occurs here, running north by west and south by 
east, and the railway passes through a deep cutting through this 
range. It is a fairly long cutting, and at the western end of it is 
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exposed a shale dipping eastwards ; in the centre occurs a thick* 
hedded, highly crushed and brecciated siliceous limestone ; while at 
the very eastern extremity, after a blank of aoo feet or so just 
beyond the central mass of grey limestone, is seen a darker grey 
limestone with a distinct dip to the west. Fig. 7 represents what is 
actually to be seen in the section along this cutting, while as to how 
I would read this section is represented in Fig. 8 (see Plate, Figs. 7 
and 8.) 

I thus make out a synclinal fold here. The easterly dip of the 

SuiUn at Kyaukkyan. Unmistakable, and it seems also clear 

to me that the central limestone mass shows at 
its western portion a distinct bedding parallel to, and identical with, 
that of the shales. The rest of the central mass of limestone looks so 
confused and crushed that all signs of the original bedding has disap- 
peared, except perhaps at its very eastern border, where I think 
one can just make out a bed as dipping to the west. The westerly 
dip of the limestone in the eastern end of the cutting (r>., through the 
darker-grey limestone) is perfectly clear. Thus it appears to me that 
the limestone in the eastern end of the cutting passes under, and is 
thus older than, the fossiliferous shales at the western extremity of 
the cutting. 

These fossiliferous shales are of course well exposed in the rail- 
way cutting, but they are also to be seen on the cart-road which 
passes close along the railway here. 

From Kyaukkyan the railway line as well as the cart-road run 
north-east by east as far as Nawnghkio, five miles 
Kyaukkyan , the limestone being observed 
on the route to dip at a small angle to the west. 
From Nawnghkio the railway proceeds towards the Gokteik gorge, 
in an east by north direction, while the cart-road runs nearly 
north, crossing the gorge at a point about 2 miles (in a direct line) 
north-east of the town. In the neighbourhood of Nawnghkio no 
good sections are available, but the beds must resume their easterly 
dip about here, for on the western side of the gorge close by the 
beds are seen dipping to the east. 

As one follows the railway track from Nawnghkio to the gorge 
the prevailing rock is found to be the light grey, siliceous limestone 
with occasional calcareous blue beds and some sandy shaly beds ; 
the dip being east by south. The western slopes of the gorge at the 
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point where they are making the railway bridge are a good deal 
covered with soil and calcareous tufa and no good sections are 
visible, but on the opposite, eastern bank, thick-bedded, siliceous 
limestones are well exposed, forming precipitous cliffs. 

The section across the gorge at the point where they are making 
the railway would roughly be like what is represented in the sketch 
section shown in Fig. 6 (see Plate), where the rocks seen on the 
eastern side of the gorge are, in descending order : — 

1. White calcareous sandstone, or sandy limestone (as at Yebin). 

2. Sandy shale, greenish white, thin bedded, soft, weathering black, with a 

masonry look on the weathered surface, in places brecciated. 

3 Fine-grained argillaceous shales (somewhat sandy) breaking up into small 
angular pieces. 

4* Blank. 

5. Fine-grained, white calcareous sandstone. 

6. Massive bedded white to light to dark- grey siliceous limestone. 

In Fig. 6, R. stands for part of the railway bridge as seen already constructed 
at the time of visit to the gorge, and N6 stands for the "natural” 
bridge, composed of calcareous tufa. 

There is a natural bridge here (one of several in. this neigh- 
bourhood) over which they are taking the 
Riulway bridge. These “natural” bridges 
have been formed by calcareous tufa, r.^., from 
the re-deposition of calcium carbonate from waters containing the 
mineral in solution. 

If one proceeded, however, to cross the gorge by the cart-road 
from Nawnghkio, the section would appear to be 
somewhat different from that obserTed near 
the Railway bridge. As he descends into the 
gorge, he will pass over, on the western side, siliceous limestones 
with purer calcareous beds, light to dark grey and bluish in colour; 
greenish, rather hard, sandy shales, in places micaceous; sandy 
clays, and red shales much indurated ; while on the eastern or 
Chaungzon side will be noticed limestones, arenaceous shales, and 
siliceous or sandy limestones. From the greenish sandy shales, 
between the 84th and 86th mileposts, on the western side of the 
cart-road bridge, fossils similar to those found two miles north of 
Maymyo were collected. On the eastern side of the gorge, at the 
88^ mile (a mile and a half past the Chaungzon Inspection Bunga- 
low), or about one mile north by west in a direct line from the 
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cart-road bridge over the gorge, a few fossils were also obtained from 
a somewhat arenaceous shale. The difference in the character of the 
two sections--one along the cart-road and the other by the Railway 
bridge— is due to the fact that, while in the northern (cart-road) 
section across the gorge older beds are exposed in the deeper parts 
of the gorge, only the higher (younger) beds are to be seen along the 
railway track. 

On the eastern side of the gorge a new difficulty presents itself. 

Hitherto the vegetation and soil had been a 
’ea^Kft^^gorge. drawback bad enough ; but now the surface red 
soil, resulting from the decomposition of the 
rocks in siiUj assumes such thickness and proportions and is so 
widespread as to baffle all attempts at getting at the solid rocks 
underneath. The railway cuttings near the gorge, which are in 
places of considerable depth, show the most irregular and curious 
way in which the rock (limestone) has been eaten into in the course 
of its decomposition from above. And this state of things prevails 
over a considerable distance as one proceeds north-eastwards from 
the gorge towards Pyoung-goung and Thibaw. 

A mile and a half beyond the Gokteik Inspection Bungalow, that 

FossiH/ertus shaUs two ^ards short of the 97th milepost on 

Villa GoktHk the cart-road, or two miles north of the Gokteik 

village, was discovered, on the eastern side of 
the cart-road, between the cart-road and the railway track, which 
are only a few yards apart here, at the bottom of an excavation from 
which the soil had been extracted for making the railway road, a 
very fine-grained, well laminated, purely argillaceous shale, grey to 
bluish in colour, but occasionally carbonaceous, and splitting up well 
along lamination. A rather interesting group of fossils was obtained 
from these beds. A short distance south-east of this spot and on the 
eastern side of the railway line are exposed, at the foot of a hill, 
some white sandy limestones; these also yielded a few minute bivalves 
and gastropods. These two collections constitute all the fossils that 
could be got in the neighbourhood of Gokteik village. 

Although physically the Wetwin shale somewhat resembles the 
Gokteik shale just described above, the fossil 
contents show that they are not the outcrops of 
the same beds and that the one is different from 
the other, the former being of an older age than the latter. 
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Fossils near Loiyang* 


On the way to Pyoung.goung, with the exception of a few minute 
gastropods derived from some limestone near 
fyow^g-gouf^. Tengwing, between the ggih and looth mile- 
posts, where the beds are seen dipping at a small 
angle to E.25°N., nothing whatever was obtained in the way of fossils, 
most of the exposures being bits of limestone at the bottom of 
quarries dug in connection with the railway making. The hills on 
either side were here and there explored, but the thick soil on them 
defied all attempts to get at the rocks beneath. 

Among the hills to the east and north-east of Pyoung-goung there 
are some outcrops of thick-bedded limestone dipping east by north 
at 10® to 15°. They yielded however no fossils. 

From Pyoung-goung (on the 105th mile on the cart-road) to 
Lwekaw (on the u6ih mile) hardly any ex- 
posures are visible along the cart-road, but 
sections are available along the railway line. 
Proceeding, then, by the latter: From some limestone exposed in the 
railway quarries on the eastern side of the line, just south of Loiyang, 
a village one mile north of Pyoung-goung, some 
minute gastropods and sections of fossils, not 
rccognixable, were obtained. Numerous cuttings, principally through 
siliceous limestones, occur along the line, all exhibiting signs of 
much crushing, but yielding no fossils. But at a point four miles from 
. Pyoung-goung there is an exposure of a soft 

numerous Fene- 
Stellas, Crinoid stems, a trilobite, some corals, 
and bivalves. This is succeeded by a blank for three miles, when 
again, that is, about three miles west of 
Lwekaw, a good section of limestone is ob- 
tained. The rock here is rather thin bedded 
mostly and grey in colour, some of the beds being, however, bluish. 
From these were extracted some ferns and bivalves. The dip here 
is east by north at 25®. From here to Lwekaw the section is nearly 
a blank, except some beds of limestone seen on the stream-bed at 
Lwekaw itself. 

From Lwekaw to Kyinsi (on the 125th mile), a distance of gj 

LmiawtoKyinsi. ^y cart-road, exposures of limestone 

are occasionally met with along the cart-road, 
but though no success resulted so far as the liiiding of any fossils 

B 
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went, that does not of course prove that these beds are not fo:^ 
siliferouSi The railway track, however, gave better results. The 
section is a blank for some miles from Lwekaw. At a point about 
three miles west of Kyinsi, which is situated near the mouth of the 
Namsim river, a fine section of argillaceous shales with limestone is 
exposed, but this yielded no fossils. Nearer Kyinsi, however, there are 
several small cuttings between i and miles 
from Kyinsi. Argillaceous grey and reddish 
calcareous shales with grey and blue limestones 
exposed here are very fossiliferous. The dip here is north-east at 

t}mefo^iUidemcai 45 ° These fossik being similar to those of the 
•miih ike Kyaukkyan Kyaukkyan beds, we have at Kyaukkyan and at 
Kyinsi outcrops of the same beds. Going on 
towards Kyinsi, the exposure by the cart-road bridge on the Nam- 
sim, a little above its mouth, yielded some plant-remains and 
corals. 


From Kyinsi (125th mile) to Thibaw (Hsi Paw), which is on 
the 132nd milepost on the cart-road to Lashio, 

Kyinst io Thtbav. 

no solid rocks are visible whether one pro- 
ceeds by the railway or the cart-road. There is a saline spring at 
Bawgyo, from which the Burnians extract, by simple evaporation, 
a lot of salt for purposes of sale. 


Thibaw itself is in a valley and gives no sections either in the 


Nei^hheurheod of 
Thibaw Paw), 


town or in its immediate vicinity. The i-ineb 
map, which was the only map I had with 
me of this neighbourhood, is also far from 


satisfactory, so far as the hills in the immediate neighbourhood of the 
town are concerned, adding thus to the difficulties of one’s w'ork. 


Going on to the hills to the north-west and north of the town, one 
finds, by the village of Honam (not on the map, but near “ Babaiki " 
of map) exposures of limestone, which is here a pure rock, quite 
free from any admixture of sand, passing, traced eastwards, into an 
argillaceous shale, finely laminated, pale yellowish green in colour, 
and somewhat calcareous at first, but gradually being free from the 
calcareous element and giving place to a grey and greenish, purely 
argillaceous, shale. The limestone above the village yielded sec- 
tions of bivalves, not, however, recognizable ; but in the small expos- 
ures available of the shales into which the limestone is seen to pass, 
I did not succeed in finding any fossils. The shales arc here vertical, 
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striking nearly north and south. On the hills north-east of this point 
shales are clearly visible at places. Going on again to the hills north 
by east of Thibaw, bits of a sandy limestone are at first passed over as 
if the parent rock in situ below were a calcareous sandstone 
or arenaceous limestone. Proceeding further in the same direction 
fragments of sandstone are seen. After a blank, a conglomerate, 
composed of fragments of limestone and of sandstone, is met with* 
The pebbles are of different dimensions, some measuring as much 
as 6 inches in length. Some of the constituents are well rounded, but 
a good many exhibit an angular outline. Proceeding further, no 
regular beds were seen, but fragments of sandstone were noticed on 
the ground. A spotted variety of the sandstone was noticeable as 
being very abundant — the rock being a light grey sandstone with 
evenly distributed fine dots of red. Beyond this point the ground 
became obscure. 


Crossing over to the southern bank of the river at Thibaw and 
Tmaw to Kongoa. P'^oceeding along the cart-road eastwards, within 
half a mile of the Thibaw Inspection Bungalow 
(at I33}th mile) the ground rises by the left bank of the river, but 
no solid rocks are exposed until about quarter to half a mile further 

Sandotom and shales, ^ejond, where a sandstone is seen. It is a 
mih impure calcareous hard rock, medium to coarsish-grained, yellow to 
brownish green, and much jointed ; but as one 
goes on a reddish or reddish-purple variety of the rock, interbedded 
with thin bands of purplish shales, and in one place an impure 
thin calcareous band, are noticeable. The rock is, however, beauti- 
fully exposed a little further on, that is, in the railway cutting on 
the right bank of the river, at a point two miles due east of Thibaw. 
It is a reddish purple, rather fine-grained sandstone, thin to Ihickish 
bedded, with intercalated shales of the same colour, dipping E. 35° S. 
at 55°- la going on, by the cart-road, to Kongsa, about nine miles 
east of Thibaw, the reddish-purple sandstone and shale constitute 
the chief rocks seen, but about one mile west of the Kongsa 
Bungalow, a very impure limestone, evidently interbedded with the 
sandstone and shales, is seen. 

Thus from the examination of the ground in the neighbourhood 

Near Thibaw limestone thibaw it seems to me that the limestones 
scef^topa^s into shales pass into argillaceous shales, which become 
gradually sandy and eventually pass into the 

12 
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red and pnrple sandstones east of Thibaw. The conglomeratic band 
seen three miles north by east of Thibaw apparently marks only local 
denudation. As I had to resume my return march to Mandalay 
from Kongsa, my examination of the ground did not extend beyond 
this point. 

Having now cursorily glanced over the character of the different 
rock-exposures one meets with as one passes along the Mandalay- 
Lashio cart-road or railway track from Mandalay to Thibaw, and 
pointed out the various localities which have yielded fossils during 
the season, it now becomes necessary to indicate the general structure 
of the ground, showing the relations of the different groups of rocks 
with one another and their probable age. 

The rocks passed over from Tonbo on one's way to Thibaw 

Rook^ classified arranged into the following divisions 

(1) Tonbo beds* 

(2) Zibmgyi beds. 

(3) Maymyo beds. 

(4) Wetwin beds. 

(5) Kyaukkyan beds. 

(6) Gokteik beds. 

(7) Thibaw beds. 

By Tonbo beds I shall indicate the sequence of the limestone beds 
forming the foot-hills of the Shan plateau, i.e., 
on 0 er s. ' the hills in the neighbourhood of Tonbo and 
Sedaw. The rock is purely a limestone in the neighbourhood of 
Tonbo and it is only by Sedaw that argillaceous shales begin to 
appear. The limestone passes gradually into shales which, from an 
ordinary grey or mud-coloured variety, passes into a red kind. The 
north-and-south valley, a little to the north-east of Sedaw, evidently 
resulted from the excavation of the red shales, etc,, that form a 
syncline here, the syncline being followed eastward by an anticline 
whose eastern limb is now exposed about the 17th milepost, that 
is, the third and fourth reversing points on the railway and also 
between 17th and i8th mileposts on the cart-road. These red shales 
pass up into dark grey shales and these into limestone. In this 
series may thus be included all the beds as far as the base 
of the Zibingyi syncline. The beds near Nyaumbaw with the 
Crinoids, Orthocerast Echinosphzrites, etc., will thus come in in 
this series. 
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The fossils found in the Tonbo beds are corals {Syringop&ora, 
Strombodes?), brnchiopods, lamellibranchsj gastropods {Euompkalus)^ 
stems and arms of Crinoids, Echtnosphssrites, OrthoceraSy Gompkn 
ocerasly etc. These have not been specifically determined yet| 
but they point to a lower siluriati age. 

Under the designation of Zibingyi series are included the lime- 
stones and shales forming the synclinal fold at 

Zihingy% S€nes. 2ibingyi. It does not seem to me of much use 
or profit yet to attempt to subdivide these beds into more than two 
divisions, namely, an upper one, containing graptolites, and a lower 
one with the trilobites and Styliolas. Orthoceras and Crinoid 
remains occur everywhere, abounding as they do also in the 
Tonbo beds, and so they are not of much help in a minuter classi- 
fication of any of the beds here. 

The Zibingyi series of beds occur in three little separate areas i 
one at Zibingyi itself, the second about Pyinsa and Thongdaung, 
and the third just north of the Thongdaung Railway Station# 

The specimens of graptolites that have been collected from these 
localities are all of the monoprionidian order, not a single diprioni- 
dian graptolite having been found in them. Hence the presump- 
tion is that the Zibingyi series of beds are> to judge by the grapto- 
lites alone, of the upper Silurian age. 

The Zibingyi beds pass up into shales and limestones with intro- 
^ duction of sandy elements amonsf them. Some- 

Maymyo Sertss, . . / . ® 

times the rock is an arenaceous limestone or 
calcareous sandstone ; at other times it is a pure sandstone ; these 
varieties being well seen as one passes from near Waboye to Maymyo. 
The hills just west of Maymyo are composed of this siliceous 
limestone and calcareous sandstone. About two miles north of 
Maymyo argillaceous shales, somewhat sandy, are exposed, and 
Orthis, Strophomena, Fenestella, fragments of trilobites, etc,, have 
been found in them. Apparently the siliceous limestones, etc., seen 
west of Maymyo pass up into these shales and as the fossils indicate 
a Silurian age, the Maymyo series of beds seem to belong to the 
upper Silurian period. 

The beds exposed in the deeper parts of the Gokteik gorge, as seen 
by the cart-road bridge, are Silurian in age. But no characteristic 
fossils having yet been found in those exposed in the upper parts of 
the gorge, as seen by the Railway bridge, it is difficult to say if they 
are devonian or carboniferous. 


Maymyo Striss^ 
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The name of Wetwin (“ Wenwi” of map) series may be applied 

mt^n Series. ^ collection of foSsils 

having been yielded by them. The fossils were found in a band of 
toughish shale interbedded in the siliceous limestones. A band of 
ironstone occurs a little below the fossiliferous shales. Among the 
organic remains found here occur Fenestella, Hyolites?, lamelli- 
branchs, Entomis serrato-striata ?, and Pterygotus, which would 
seem to point to a devonian age. 

If the Wetwin beds are devonian, it is not likely that the shales 
seen 2 miles north of Mayrayo on the>ay to Naungkangyi are other 
than upper silurian. For if they were lower silurian, faulted up 
against the upper silurian siliceous limestones of the hills just west 
of Maymyo, it is difficult to explain the total and entire absence 
of the upper silurian Zibingyi beds between Maymyo and Wetwin. 

There is a blank of 18 miles between Wetwin and Kyaukkyan 
Xyaukivan Series. which Only an Occasional outcrop of lime- 

stone is seen. At Kyaukkyan, however, the 
shales at the western end of the railway cutting are highly fossili- 
ferous. This senes of beds — the shales with the associated lime- 
stones— at Kyaukkyan, may be termed the Kyaukkyan series. 

By the 97th mile post on the cart-road, or 2 miles north of 

Gskieik Series. Gokteik village, occurs a dark grey toughish 
shale which has yielded some rather interesting 
fossils. These shales with their associated beds I will designate as 
the Gokteik series. 

The limestones as seen in the hills north of Thibaw, pass into 

Thidam Series. srgillaceous shales and these apparently into 
the reddish-purple sandstones so well exposed 
on the railway cutting 2 miles east of Thibaw. No fossils have been 
found in them, but from their position they are younger than the 
Kyinsi beds. These shales and red sandstones with limestone consti- 
tute, the Thibaw beds. 

Now the Kyaukkyan fossils appear again between 123rd and 124th 
mileposts, near Kyinsi, and in the interval between these points, in 
two localities, namely, one at 2 miles north of Gokteik village and 
the other at 4 miles north-east of Pyoung-goung, fossils were dis- 
coyeied. As there are considerable gaps between these several 
points of fossiliferous exposures, the structure of the ground must be 
mainly dependant on, and inferred from, the nature of these fossils. 




Prom the occurrence of a synclinal fold at Kyaukkyan, as I make 
^ it out to be, and the repetition of the Kyauk- 

ciura q/' the ground, heds at Kyinsi, the structure of the 

ground would appear to be simple, a syncline followed by an 
anticline, as attempted to be diagrammatically represented by 
Figure 9 (See Plate, Figure 9) which, if true, would make the 
Gokteik and Pyoung-goung fossiliferous beds older than the Kyauk- 
kyan (or Kyinsi) beds. All the fossils have not yet been 
specifically determined, but I understand that the Kyaukkyan 
fossils are regarded as devoniam As regards the Pyoung-goung 
fossils, there is, I believe, nothing in them to prevent their being 
regarded as devonian or perhaps even silurian. But this does 
not seem to me to be the case with the Gokteik fossils, I have 


^ . , - not been able to identify them yet, but will try 

the fossils of the Gokteik to indicate some of the characters of the most 
important ones here, all of these belonging 
to the Arthropoda. Fossil No. (i). This presents an outline 
broader in the cephalic end and tapering towards the tail, with 
the limbs, all of them apparently situated near the cephalic end, 
well segmented and with the minute hairs on them distinctly 
visible; and there is no indication of segmented limbs with hairs 
towards the tail, which looks flattened and fan -shaped. There is no 


sign of trilobation whatever in any of the specimens of this fossil, 
and no haired limbs at the tail end. All this would seem to me to 


point against its being a trilobite. The resemblance of the organism, 
however, to a macrurous decapod appears to me to be close. Fossil 
No. (2), That this also belongs to the Crustacea there seems to be 
no doubt. With its body slightly bent and tapering towards the tail, 
and with its dorsal segmented chitinous or horny-looking carapace, 
and segmented ventral limbs, the resemblance is so close and striking 
to some of the macrurous decapods that 1 can scarcely entertain any 
doubt in my mind as to its being one of them. Fossil No. (3). In 
this only a portion of the posterior terminal or tail end of the animal 
is preserved. I do not feel quite sure about it, but the resemblance 
leads me to regard it as belonging to Eryon, also a macrurous 
decapod, or to a crustacean closely allied to it. Fossil No. (4), 
The outline of the organism is oval, the cephalic portion present- 
ing a conical section, with segmented slender limbs about the 
shoulders and about the region corresponding to the pelvis. In 
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S01T16 of th© limbs the h 3 .irs can be well made out. Everything con* 
sidered, it looks like the remains of an insect of the Hemiptera or 
Coleoptera order. Besides these, other specimens, collected also 
from here, appear to be fragments and portions of wings and other 
portions of insects. 

Now Hemipterous insects appear in the silurian period and 
range up to the present day, while Coleopterous 
foliu. insects do not appear till the trias. So, as far 

as the insect remains here are concerned, they 
do not help us much in determining the age of the Gokteik beds. But 
should the other Crustacean fossils really prove to be the remains of 
macrurous decapods, as they appear to me to be, then, since no 
typical decapods appear until the trias is reached, the Gokteik beds 
cannot be older than trias and must be triassic or younger. Should 
the Gokteik beds be then mesozoic, they must be supposed to have 
been faulted in against and between the devonians at Kyaukkyan 
and Kyinsi, should the beds at Kyaukkyan or Kyinsi be devonian. 

Should the above be the correct interpretation of the structure of 
the ground, then the Thibaw beds (the limestones, shales and the red* 
dish-purple sandstones i), being higher in the sequence than the 
Kyinsi beds, must be looked upon as upper palaeozoic. 

The fossils collected this season have not yet been examined 
closely or determined specifically, and until 
age oj the beds. this IS done the above explanation as to the 
structure of the ground must be regarded as 
provisional. Such being the case, it may perhaps be permissible 
to indicate here any other view or views that may have been 
entertained as to the possible age of the beds and structure of the 
country traversed this season. As already indicated, I took it that 
there was a sharp syncline at Kyaukkyan, followed by an anticline, 
the eastern limb of which was now exposed at Kyinsi ; and that 
all the beds — the Gokteik series — between these points, lying under 
this anticlinal fold, were thus older than the Kyaukkyan or Kyinsi 
beds. Should the Gokteik beds be triassic or younger, the Kyaukkyan 
beds would necessarily be younger still, that is, middle or upper 
mesozoic ; * and in that case the shales and red sandstones of the 

pp! ‘103 and“24.®‘“““ «<>««!■>£• Rec. G. S.J., Vol. 

that in the Kyaukkyan collection there are some fossils which are so 

^ ® some mesozoic ones that should they prove to be what they look like thev 

would carry the age of these beds into the upper mesozoic* namely, cretaceous, period. * ^ 
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neighbourhood of Thibaw, being younger than the Kyinsi beds, would 
be cretaceous or even tertiary. I might state here that the conglo- 
merate and red sandstone I have described as occurring near Thibaw 
present such close resemblance to the same rocks found by Mr. 
Middlemiss this season in the southern Shan States, not very far 
from our own ground, that in all probability whatever the age of 
the one is also the age of the other, and I believe Mr. Middlemiss 
is inclined to look upon them as of tertiary age. 


Economic Geology — Among the economic products come across 
during the field season just ended may be mentioned : — 

(1) Metallic ores. 

(2) Limestones. 

(/) Metallic Ores . — Ferruginous ore is the only metallic ore I 
met with in my traverse from Mandalay to Thibaw. The localities 
where I saw this are— 

(i) Between the third and fourth furlong posts past the 39th 

mile on the Mandalay- Lashio cart-road, or 2\ miles 
beyond the village of Singaung, or about three miles 
south-west of Maymyo, a highly ferruginous rock is 
seen along the roadside. It looks rich in iron. The rock 
can be traced for 30 to 40 yards along the road, but 
want of exposures makes it difficult to estimate its 
probable extent. 

(ii) About half a mile north of a little village called Twinnge, 

which lies a little over two miles due north of Thong- 
daung Railway Station on the Mandalay-Kunlon Rail- 
way, is a hill whose top, i.e.^ so much of it as is exposed, 
shows masses of a very rich iron ore, probably 
haematite with magnetite. The surfaces of the masses 
of the ore are seen covered with minute magnetic, 
needlelike rods which move about as one passes one’s 
hammer over them. There is no doubt that it is a very 
rich stuff, but the ground around and about the hills 
must be a little more cleared before one could estimate 
with any degree of certainty as to the quantity of the 
ore here, which is. apparently large. 
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(iii) Some ferruginous rock was seen by the Wetwin village, 
about the 55^^ milepost on the cart-road, apparently 
bedded and underlying the Wetwin fossiliferous shale. 
I saw this rock again about a mile and a half east by 
north of Wetwin. So this is in all likelihood a 
ferruginous band of ironstone occurring associated with 
the shales here. 

{ 2 ) Limestone , — This rock, it is needless to say, occurs here 
extensively 

(*) It is being used for road metal. 

{}%) It can be, and is being, utilized for making lime. 

{Hi) When selected it would also, no doubt, make good build- 
ing stones. 
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I.— General Remarks. 

The notes which follow were made during a short season's tour 
(from early in December 1899 to the end of 
Objects^an^method March 1900), and do not pretend to be any- 
thing more than rough geological jottings. 
My object was to cover as much ground as I could in the allotted 
time, and to ascertain the possibilities of the country, rather than 
to make even a sketch-survey. No attempt at detailed mapping was 
made. My marches generally were either daily or with one day's 
halt— but rarely more than one. They were also made along definite 
lines across the country, the shortest routes in fact available. 

In most parts visited a more elaborate survey would, for the 

Present difficuUies in 0“^ of place. For, firstly, 

ike way of a detailed the Country, which has only been indirectly 

administered by our Government for thirteen 
years, is not yet one in which the searcher after scientific facts can 
feel entirely at home. He is hardly allowed to travel by himself and as 
he lists. In some cases he must have a police-guard or even a mili- 
tary escort. He is still liable to be treated as a guest by the people 
of the states, and his actions consequently hampered in a multitude 
of easily-imagined ways by all that is implied by the word guest. 
With all laudable intentions the native state officials seek to make 
much of him — to meet him with processions, to call upon him with 
gifts, in and out of season. Secondly, the physical conditions of the 
country through which I passed are against detailed work, at least at 
present; whilst over much of the area, unless useful minerals are 
found, I am of opinion that any approach to real geological mapping 
cannot advantageously be done. These physical conditions briefly 
stated are : (i) heavy jungle and sparseness of footpaths, except 
along the higher and flatter plateaux, which necessitate the geologist 
keeping to arbitrary beaten tracks : (2) scarcity of villages and sup- 
plies with the exception of the plateaux noted above ; and which 
again necessitates a pre-arranged plan of tour, and one that must be 
kept to at least generally, in spite of vagaries of the rocks (this is 
notably the case in Karenni) : (3) the nature of the dominant rock 
formation, which being a massive limestone presents all imaginable 
difficulties to the stratigraphist, chief among which are absence cJf 
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distinct bedding, irregular weathering, chaos arising from underground 
drainage, local subsidences and the rareness of erosion channels 
exposing anything but tumbled blocks ; absence of striking petro- 
logical horizons that would help out the last difficulty if present by 
furnishing a key to their unravellment ; and last, but not least, the 
absence of railway-cuttings and road-cuttings, except in the solitary 
case of the Government cart-road from Thazi to M6ng Pawn. This 
last is really of more consequence than it seems, especially when it 
is considered in connection with the nature of the rock ; for the 
tendency on every hill-side is for the thin-bedded shaly layers 
(which are the most likely to yield recognizable fossils) to be com- 
pletely obscured by the chaotic tumbled blocks and the thick 
surface clay into which they weather. 

In the third place, though much of the southern Shan States has 
been topographically mapped on the i inch=i mile scale, some of 
it, and especially Karenni, has to be content with nothing more 
advanced than the J inch = i mile reconnaissance sheets, which in 
hilly forest- covered country are almost useless for geological purposes. 
In the fourth place, beyond the narrow zone of crystalline igneous 
and metamorphic rocks fronting the Irrawaddy plain, there are no 
igneous rocks whatever in the area visited by me, neither bosses, 
dykes, nor contemporaneous volcanic flows. Thus all interest 
centering in pure petrological work has no scope in this part of 
Burma. 

In spite of the above rather formidable array of difficulties in 
the way of an elaborate geological survey, as understood generally, 
it is hoped that the results I have obtained, sketchy as they are, will 
at least lift the veil of ignorance under which its geology has hitherto 
lain ; and, taken together with Messrs. La Touche and Datta’s 
recent work further north, furnish a rough guide to the general 
geology of part of this eastern frontier of the empire. 

Owing, as already stated, to the political disabilities which obtain 

ObUgoHons. frontier parts of our empire, my 

traverses, except along the bungalow-studded 
Government cart-road, were somewhat of the nature of personally 
conducted tours, made under the auspices of one or other of the 
civil officers in charge of the native states. For the arranging of 
these I have to express my great obligation to Mr. A. H, Hildebrand, 
C.I.E., Superintendent and Political Officer of the southern Shan 
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States, "who (at rather short notice) gave me most efiBcient help. To 
Mr. C. E. Browne, . Extra Assistant Commissioner of the Myelat, I 
am indebted for his taking charge of me during the early part of my 
tour, and for his personal interest in and carefully collected data 
about, the mineral wealth of the states under his care; and to 
Mr. W. G. Wooster, Assistant Political Officer of Karenni, who took 
me over from Mr. Browne and piloted me pleasantly and successfully 
through the Karenni country, and saw me across the Toungoo 
border. To the above especially, and to several other civil officers 
resident in Taunggyi in a less degree, I have to tend my best thanks 
for many courtesies and kindnesses received in this, to me, rather 
strange land. 

Although the greater part of the country traversed by me was 

geologically unknown, a few localities had been 
Prffoiou&wofkinthts rapidly visited by my late colleague, Mr. E. J. 

Jones, A.R.S.M., in 1887, for the purpose of 
investigating'the coal, lignite and other minerals there found. His 
results are given in Records, Geological Survey of India, Vol. XX, 
Part 4, 1887, pages 177- 194. His operations were conducted under 
conditions far less favourable than mine, and at a time when the 
country was only just recovering from anarchy and from harassment 
by dacoit bands. Furthermore, the only map he possessed was on 
the scale of -3^ inch = i mile. Hence he made no attempt to delineate 
the formations or to generalize his geological data, and confined 
his notes strictly to the mineral occurrences which he investigated. 
Dr, F. Noetling in more recent years paid some similar brief visits 
to the country immediately to the north of my area, and has published 
his notes in Records, Geological Survey of India, Vol XXIV, Part 2, 
page 103. Mr. La Touche, who contemporaneously with me has now 
been visiting the northern Shan States, has added to and amplified 
the above geological data. He is reporting on his work so that I 
need not recapitulate them here. In the Manual of the Geology of 
India, 2nd edition, page 142, a brief allusion is made to the prob- 
able continuation north along the Salween river of the Moulmein 
carboniferous limestone. 

So far as I know, the above embody all the co-ordinated inform- 
ation that has been gathered by qualified geologists in this 


area. 
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II.— Physical Geology and General Tectonic Features 

OF THE Area. 

Before describing the traverses I have made through the area, it 
will be well to state shortly and comprehensively for the whole of 
that area such salient facts as to the physical geology and the 
general style of rock architecture, and tectonic geology as, notwith- 
standing the poor sections and absence of striking stratigraphical 
horizons, have nevertheless made themselves sufficiently evident to 
me. 

To begin with, the whole earth’s crust of this part is a great 
elevated compound zone of disturbed rocks 
pound aont of formation. Comprising three Or four minor stratigraphical 
or. compositional zones. It consequently is a 
region of special upheaval resembling the Himalayas, and embraces 
hill. ranges of considerable height; all, however, in this latitude well 
below snow level and the influence of ice in any form. 

The hilNranges run mainly in directions roughly north and south, 

mu^angesand nalUfs. longitudinal valleys 

of, as a rule, no very great steepness except in 
the case of the Salween and Pawn rivers. The minor parallel 
streams are frequently very irregular and indiscriminate in their 
courses, complicated as they are by sudden underground dis- 
appearances, and by sharp cross branches which dash through gorges 
at right angles to the ridges and may then turn either north or south. 

Except for the larger and deeper valleys just mentioned the 

Plateau aspect. greater part of the area I have crossed, besides 
being characterized by parallel hill-ranges and 
valleys, is as a whole of an elevated plateau aspect. Wherever 
great masses of the limestone formation are in force they build scarps 
and plateaux in numerous array— a result which may in many cases 
be seen to be due to a roughly rolling dip of the great thick-bedded 
formation, but in other cases is helped out by sub-recent or uppermost 
tertiary deposits infilling what were once shallow valleys between 
alternate scarps. 

But with all this I have not been able to gauge the approximate 

Amount of folding Compression, folding, and faulting that have 
and compresaon of the actually taken place. For it is impossible with- 

area U7tcer tain, .i*.. ■■ . ^ 

out distinct bedding and marked fossil, petrolo- 
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gical, or colour horizons to distinguish a series of superposed and 
closely packed overfolds, sigmaflexures and lying anticlinals and 
synclinals from a gently undulating series of normal folds. 

That, however, the plateaux are not altogether simple, normal 
undulations of a vertically elevated block of strata, seems indirectly 
certain from a variety of considerations. In the first place there 
are the remarkably straight boundaries between different formations ; 
there is also the tendency to a universally oriented strike whenever 
it can be observed, and, as a corollary to the above, an arrangement 
of the formations in straight bands and a (broadly speaking) settled 
sequence of them from west to east wherever a line of section is 
taken. 

Hence, this Southern Shan plateau differs somewhat from a 
typical table-land, and possesses some of the characteristics of 
mountain areas like the Himalayas, which have suffered distinct sets 
of lateral compressions at different times with crumpling and possibly 
overthrust accompanying such. But along with this qualitative 
statement it is quite impossible at present to write down how much, 
and to what extent, these earth movements have progressed. 


III. — Stratigraphical and Compositional Zones. 

As already stated, the geological fabric of these hills may be split 
ap into a number of steadily striking zones or bands, of distinctive 
character as regards stratigraphy and composition. They lie parallel 
to one another, and they generally outcrop in a definite order from 
west to east. Although the imperfections of the sections give no 
clue to the exact style and amount of folding, and by consequence 
no evidence as to the relative positions of these distinctive bands in 
the geological record, there are other considerations which enable 
us to place them provisionally in the following order of time 
sequence 

Order of Zones. 

(i) Gneissic and Metamorphic Zone. 

(3) Great Limestone Zone. 

(3) Purple Sandstone Zone. 

(4) Sub-recent conglomerates, sands, and loams. 
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(/) Gneissic and Metamorphic Zone. 

I am compelled to put this as the oldest of the sequence because 

Archaan intrusive archsean facies in part. In many ways it 

and meiat^phic facias, presents an appearance of great age, for it 

contains true gneisses with intrusive plutonic 
veins, and also much metamorphosed, foliated, cleaved, and cataclastic 
rocks. 

So far as I have observed, it is confined entirely to the western 
edge of the described area, and, though not 
to west side of plateau. politically included with the southern Shan 

States, it forms topographically the western 
front of the Shan States plateau. 

This western edge rises sharply from the alluvium-covered plains 

Surface features. form part of the Meiktila, Yamethin, and 

roungoo Oistricts and along which, in full view 
of the gneissic zone, runs the railway from Rangoon northwards. 
As seen from near Thazi railway station, the near hill-sides, spurs' 
and ravines of this elevated zone give evidence of free sculpturing 
at the hand of time. Their towering, sharp-edged ridges, with wide 
and deep gorges and flowing slopes between, show up remarkably 
like much of the older zones of the Lower Himalayas. Degradation 
is evidently accomplishing its work, and the thin, acute-angled, 
irregular, and vermiform summit ridges are being scored and fretted 
away into all those shapes so characteristic of a relatively old land 
area-^ condition only antecedent to complete extinction. 

What is the structural relation that this zone bears to theallu- 
Nature of western edge jfon>-covered pliocene and miocene plain at its 

afZone, foot? Without any youngerfoot-hills separating 

. , the straight unwavering western 

margin of the zone probably indicates a north— south fault. Accord- 
ingas we attribute great intensity or not to the crumpling forces 
which upheaved the plateau, so must we regard this fault as a fold- 
fault or a simple upthrow fault. In any case it is likely that it was 
not a sudden disruption of tertiary age, but a line of more or less 

continuous movement that went on for long ages during the geological 
history of this part of Burma. ^ ‘c^eoiogioai 
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This gneissic and metatnorphic zone is of narrow dimensions com* 
Width ^iU»on9. pared with the great expanse of rolling plateau 
further east. In the cross-section from Hlaing- 
det to Pyinnyaung it is about twelve miles, the first four of which 
are gneissic. 

The gneissic rocks, as seen in the road cuttings about seven miles 
from Hlaingdet, and as found in fragments here 
Peirograp^^ of the there 00 the hill-slopesand talus fans, are not 

unlike many of the mixed gneisses of Salem 
and Coimbatore in the Madras Presidency, They are well foliated^ 
micaceous, and hornblendic gneisses. Intrusive among them are veins 
of pink syenite, white pegmatitic granite and fine grey micro-granite 
containing biotite and muscovite. These veins are non-foliatcd, and 
have been intruded across the foliation of the gneisses. No other 
good exposures of these rocks are seen on the road. 

At the i 8 th milestone from Hlaingdet where the cart-road from 
the valley begins to wind among the hills towards Yenmabin there 
set in sub-metamorphic quartzites and slates. All are much smashed 
by earth crushings which have splintered them or split them up into 
platy layers. In this respect these rocks have a remarkable 
Himalayan facies. Near Yenmabin a fine-grained gneiss occurs and 
some pale coloured quartz felsites or micro -granites. East of 
Yenmabin the white quartzites and slaty rocks are less metamorphos- 
ed, and plainly indicate their sedimentary origin. Interbedded with 
them are occasional very thin bands of dark blue- grey limestone a 
foot or two wide. All are very much smashed. Further north-east 
towards Pyinnyaung greenish grey dark quartzites and black slaty 
sub-schistose rocks continue — all much fractured — and there are repeti- 
tions of all the rocks from Yenmabin over again. Near Yebokson 
there is a green and white mottled gneiss. 

East of Toungoo a section across this same zone from west to east 
is much more unsatisfactory from the fact that there are no road- 
cuttings and the surface exposures are extremely rare. There are 
evidences in the stream-beds, however, showing that gneissic rocks, 
quartz-schists, and other metamorphic strata are there found. A 
large development of a very coarse unfoliated porphyritic granite is 
seen to the west of Leiktho. It weathers into gigantic rounded 
boulders, destitute of foliation or banding and contains hornblende 
and black mica. The eastern edge of this zone cannot be very 
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definitely placed, but it mast come somewhere near the lonsitude 
of Yado. 


{a) Great Limestone Zone. 

In a very wide sense this zone may be considered as the only 
The mesiekaracterisiic existing. It is in fact, the characteris- 

'**"“‘*^ tic zone of the Shan plateau proper. Never. 

theless it is partially interrupted along certain 
ines by two other distinct minor stratigraphical zones presently to be 
described. At one time during the progress of my work I had honed 
to further divide the great limestone zone into sub-zones of separate 
geologmal age and of slightly different composition. Further work 
south of the Government cart-road has, however, shown me that even 
If any differences might be made on palaiontological or petrological 
grounds as to which no positive evidence is yet forthcoming) the 
rocks could not certainly be traced north and south in recognisable 
bands in the same definite order that I consider necessary if they are 
to be judged of any value as structure zones that imply anything 
vital regarding the evolution of the mountain mass. ^ J & 

Every traveller and dweller in the Shan States' must be aware of 
Surface ftaturee. characteristic features of this great calca- 

* • 1 . . Though thrown into ridges and 

minor mountain chains, it has a general elevation that makes it enjoy 
a pleasant climate for several months of the year. The sun during the 
dry months may be hot by day. and rise and set over the billowy table- 
land with a fervidness unknown in less arid parts, but the nights are 
cold, and frost in December and January is quite a common thfng. It 
upports a hardy population of various hill races, very different from the 
low-country Burman, and all speaking different tongues. It might and 
probably in tiniewiU, if judiciously fostered, grow crops of cereals 
vegetables, and fruits to supply Lower Burma markets, when the com-’ 
munications with the plains are improved and further extended. Its 
forests, m favoured places m the greater river-wav*? n i 

l-ad, for ti. teak a.d oa.er a.iaorforJ "oX'reTiv wjd" 

nlaid with it, it is a rugged, rocky country. The dark ^rev 
limestone frequently weathers almost black into sharp-edged hofev^ 
combed maaee., mto pianacled craga and weaU.e,.be£eo “aTj 
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walls ; into deep basins and swallow-holes (often gs regular and circu- 
lar in outline as a gigantic amphitheatre, but sometimes funnel- 
shaped) : into strange valley systems without connection one with 
the other, and that often end mysteriously either as underground 
passages down which streams precipitate themselves and become 
lost, or as marshes and lakes where evaporation helped out no doubt 
by subterranean percolation causes a disappearance of the waters ; 
into innumerable caves and passages beneath the ground, some now 
high and dry from the waters that caused them and which are locally 
mined for the nitrates that have accumulated upon the floors from 
the decomposition of cave animal deposits, others used as show 
places and temples ; others again unknown to fame and rich in theii 
virgin beauty of stalactitic growths. 

In other words the surface of this great zone has that configur- 
ation which is everywhere characteristic of massive limestone, grin, 
aspects which in other countries would mark out the arch-enemy o^ 
mankind as its far-back land owner, and aspects which by some 
inscrutable wrong-headedness in lightly-thinking people are often 
attributed to volcanic agencies. 

Except, however, in the upland valleys and the deep gorges, the 
sponge-like absorption that it exercises on the rainfall carries off 
nearly all the surface waters ; so that, at least in the dry months, 
the ridges and slopes are generally devoid of rippling brooks an. 
streams. What becomes of all the aerial moisture discharged on it ? 
Perhaps in some cases a great deal is led away by underground 
river systems that lower down emerge into the larger and deep»;j; 
river gorges. Some such underground connection is popularly 
supposed to exist between the Balu Chaung or Loikaw river and 
the Pawn. But, in the majority of cases, I believe the great network: 
of hidden streams and torrents that run their underground courses 
never again emergceto the light of day, but continue ever down- 
ward till their watery burden reaching the lower heated layers 
the earth’s crust becomes absorbed in the aqueo-igneous fusion oji' 
deep-seated earth magmas. 

In all these respects this great limestone zone presents a strikini'^, 
contrast to the gneissic and metamorphic zone ; and nowhere is thi:-, 
better exemplified ’than on either side of the Toungoo-Karennii 
border. To the east roads and halting-places are restricted by tb; 
limited supply of drinking-water for man and animals, whilst stilt 
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further to the east, even the great Salween and Pawn valleys, except 
for the immediate edge of the rapidly flowing flood, are in the dry 
months over large areas destitute of water and of green vegetation. 
Nothing is so forbidding to the traveller as the steeply graded slopes 
black with the ashes and charred remains of the ever-prevalent 
forest firds and the stems of the stunted forest growth that 
rise above him on either hand. Not a bird in the leafless trees, 
not a grub in the ash-strewn land, and not a fish in the river . The 
skeleton forest is not more silent and gloomy than the limpid depths 
of the river are tenantless. But to the west of Yado the metamor- 
phic zone is well supplied with the life-giving liquid, rippling streams 
and moderate rivers are everywhere found. It possesses a thick 
carpet of surface soil densely covered with dark evergreen forests 
and alive with bird, beast, and insect at all times of the year. 

Of course these statements must not be accepted as universal 
and sweeping in application. Among the great limestone plateaux 
may be found many fertile valleys ; because, perchance, they run 
along one or other of the inlaid zones of younger formations ; or 
because they possess an abundant supply of water kept by a lining 
of recent alluvium from escaping away through rifts in the valley 
bottoms ; or because of some interbanded shaly layer associated 
with the limestone (a not uncommon occurrence ). The general 
truth, however, remains as stated ; and I believe that as time goes on 
the contrast will be more and more evident, until at last many tracts 
of the great gaunt plateau of the Shan Hills, having lost their 
surface soil and younger valley deposits by further denudation, will 
become mere dried-up porous transmitters of their rainfall t© 
subterranean depths, whilst the lower plainward zone will become 
more and more verdant and richer in tropical forest. 

But this is in the far distant future viewed through geological 
spectacles. From a human point of view it will be a long, long 
time before the plateau even partially suffers such a death as this ; 
and the end may for all practical purposes be kept at a distance 
by conserving the present forests, increasing the rainfall, economiz- 
ing the water-supply, and leading it by irrigation canals over as large 
an area as possible. 

Owing to the very fair set of artificial sections exposed along 
the cuttings in the Government cart-road 
from Pyinnyaung to Mong Pawn, which I 
had the good fortune to sec before time had 
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sloped them back or covered them with vegetation, this line 
of section and its continuation further east along a good bridle-road 
from Mong Pawn to Nongsewik is the best exponent of the structure 
and lithology of the formations composing it. 1 shall, therefore, first 
illustrate the petrography of the limestone zone by describing that 
section. In the description certain tentative groupings of the 
strata will come out, but as they were not elsewhere recognizable 
in a similar cross-section further to the south in Karenni, where no 
artificial cuttings were present to help, 1 have not coloured them 
separately on the map, save that the bands containing fossils have 
been added in a deeper tint of the same colour. 

Beginning at the first massive limestone that appears most 
westerly in the section, we find a little east 

Pyinnyaung limestone* r t-. • . r j • i. 

of Pyinnyaung a set of towering- crags form- 
ing a long ridge densely covered with forest and lifted high above 
the surrounding country. This band of limestone is isolated from 
other bands to the eastward by other rocks afterwards to be described. 
Whether it is of a different age to those limestones or not cannot be 
certainly stated. The band runs a perfectly straight course north 
and south. Through it in a narrow gloomy defile dashes the Pyin- 
nyaung river by a cross rift, exposing the rock on both sides. The 
rock is dark and light blue-grey, massive, compact, and but slightly 
brecciated with recementation by calcite veins. One can see no 
definite bedding in it and no regular variety in its composition. Only 
by the absence of any apparent V-ing of the western outcrop across 
the gorge can one judge that its dip is at least very high. The 
ridge possesses very steep rugged slopes littered with titanic blocks, 
all emphasizing its very massive character. After many experiences 
in the Himalayas I would compare it with any one of the massive 
limestones or dolomites so common in the outer Himalayan belt. 

the Naini Tal, Krol, and the Trias of Hazara. The gorge is 
about one mile long through the limestone. How much of this is 
direct ascent or descent in the obscure stratification, or how much 
folding has taken place it is impossible to say. A search for fossils 
was unrewarded, though much of the rock might well have been 
fossiliferous, judging by its compact non-crystalline state. 

The same band can be seen stretching away north and south for 
many miles. I did not trace it or cross it again, but obtained a near 
view of the southern continuation of it west of Kindaung, by a tra- 
verse from Kalaw. 
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But it is not until having ascended to and passed Kalaw on the 
cart-road that one finds oneself really among the great limestone 
plateau. From there onwards limestone is never entirely absent 
from the section, the whole way across as far as I explored, namely, 
to Nongsewik. 

The first recognisable unit in this great spread of calcareous 
. formation begins about lo miles west-south- 

ThtttmiKClfl ItftiBStOflCn j rr^i 1 ^ 1 <1 « 

west of Thamakan, and extends under the 
Thamakan plain to the west side of the Heho valley. It may be 
called for convenience the Thamakan limestone. It is of a rather 
pale neutral-grey colour, massive in places, but also thin-bedded 
and marly and shaly in places. Occasionally it is sandy. It bears 
a great resemblance to the grey limestone of Hazara, which under- 
lies the recognisable and concretionary nummulitic limestone. From 
its interbandings with the thin grey shales and marls and its appear- 
ance of no great metamorphism I went about confidently expecting 
to get fossils at every step. Nevertheless none were found. I ham- 
mered every inch of the exposures in the cuttings during two journeys 
forward and backward across it but all to no purpose. The un- 
dulating surface of the plain and the low hills fringing it west and 
east show here a scarp and there a low dip-slope, apparently all of 
them fairly gentle as if a billowy broadly extended synclinal was 
the form the rocks here took. In the low hills west and north- 
west of Thamakan shales and marly beds are very prominent, and 
flowing moulded slopes the rule- To the east the descent into the 
Heho valley is very plainly a scarp with gentle dips to the west of 
not more than 30®, and the prevalent rock here is limestone with but 
few shales. The flatter plain in between, though often exposing 
the limestone to view, is generally occupied with newer nearly hori- 
zontal strata to be afterwards described. This plain at about 4,000 
feet is generally dry and arid and bare of forest save a few bamboo 
clumps round about the monasteries. 

Continuing the road section eastwards we first cross the flat 
„ - ^ alluvial stretch of the Heho plain, and a i mile 

Jkiiho j_rrTi *11 % 

east of Heho village enter upon the next mem- 
ber of the great limestone zone, which from certain peculiarities 
may be distinctively called the Heho limestone. In colour it is 


Heho limestone. 


rather darker than’ the Thamakan limestone, of a blue-grey tint 
within, but weathering greenish grey to a considerable depth. It 
is as a whole rather inclined to be well bedded, as can be seen in 
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the road sections, is sometimes semi-con cretionary and but very 
seldom brecciated to any extent. It is interbanded with pale sh?Iy 
and marly layers, A noticeable structure in the limestone is that 
it possesses thin interbandings of ferruginous layers i inch wide 
which stand out from the greenish grey limestone in marked ragged 
relief. In some cases as near Heho these ferruginous layers may 
be seen to consist of compacted shelly layers. There is just enough 
evidence to show that some form of molluscan life had there been 
present, but no more. None of the shells could be isolated or identi- 
fied even genetically. 

Good exposures of this limestone are found from Heho down 
the rather steep ghSLt to the Sinhe plain, which is the northern con- 
tinuation of the Fort Stedman lake valley. The dips are at first to 
the east at rather low angles, after which there is a rolling or con- 
torted dip either way. 

The flat or gently rolling plain about Sinhe makes the next 
T^u«ggyi-aopong. gap in our road section, which begins again 
Hiam Sang limestone with the ascent to Taunggy'i. From here on- 

ipemnan mpart). wards to the Pawn river is a diversified mass 
of hill and flat upland pladu showing great variety of limestone and 
associated thinner bedded shales and a few sandy limestones. This 
lot is grouped together here not because they are all alike, but 
because I cannot devise any rational separation of them. They may 
be entirely distinct in age from the 3 groups already described or 
they may contain them all, but altered beyond recognition by sub- 
sequent cataclastic action — for this is a striking feature of a great 
many of these minor rock bands that they have been so crushed, 
brecciated and recemented again that for all intents and purposes 
a new rock has arisen. In such layers of course no fossils have 
been preserved, but as we shall see presently the more eastern 
part of this group abounds in favoured places with remains of 
organisms of middle productus limestone (permian) age, which for 
some unexplained reason have here been able to declare themselves. 

The ascent to Taunggyi is a zigzag up a scarp, the counterpart 
of the descent from Heho, except that it is considerably higher, 
especially if the summit of the wall-like crag dominating Taunggyi 
be taken in. The latter is as it were a second storey planted on and 
a little back and east of the first line of crags and with the new set- 
tlem ent of Taunggyi occupying a gentle hollow between. Taunggy 
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at a height of 4,675 feet is the head-quarters of the Government 
of the southern Shan States^ a pleasant nucleus of a hill-station 
now, but given a railway communication with Burma proper, it 
would be capable of rapid development. There is water in abund- 
ance, a fertile soil that can produce— well almost anything that the 
gardener wills. The Government garden now in full swing is an 
earnest of what it can do, and I have memories (hardly perhaps 
fitting to enlarge upon here) of strawberries and potatoes obtained 
therefrom that will never fade. 

The climb by the road up the lower scarp is a revelation of what 
a rock can suffer under earth stresses. Taunggyi, ** the big hill, 
and all the other great heights between it and the Pawn river were 
hove up to their present level at no small cost to the foundations 
thereof. Almost every mile of the way is a record of brecciated, 
crushed and churned rock stuff that has however mostly set again 
into a kind of angular concrete. Some of it is white, some pinkish 
and some grey and sandy in texture, while some few bands intercalated 
between a cushion of shales, and which have slone escaped the 
general crushing, look as though a prolonged search in them might 
yield fossils. My brief search was however fruitless. The crags 
forming the scarp at the base of ihe hill have a general dip of 30® 
east. Those at the summit building the pagoda-topped hill seem 
to have a general horizontality, but undulating. The general 
horizontality continues eastwards to Mania Sut and Maik Taung. 
Near Pa Leng and south-west of HopAng the north — south ridges 
have their strata very definitely dipping east-north-east at a low 
angle; and the topmost beds of these hills are very massive grey 
limestone. All these slopes down to HopAng are, in fact, dip-slopes, 
gradually lowering in angle and passing under the flat or gently 
flowing valley of HopAng. 

Continuing the section again, still ever eastwards, beyond HopAng 
we find the limestones, still grey in colour, recovering and soon 
dipping at very low angles in the opposite direction, namely west. 
In other words, we have crossed a flat synclinal fold. As far as the 
1 8th milestone from Taunggyi the gentle westerly dip continues in 
rather crushedi sandy, white limestone, also grey and banded with 
pifak. The exposures are not continuous the whole way, but are 
only found here and there in isolated lines of crags with flat 
terrace-like valleys between. Beyond the i8th milestone we get 
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among larger craggy ridges which also become massed together. 
The road ascends more steeply and zigzags round many rocky 
spurs up to the pass at the 21st milestone. As far as the 20th mile 
things are obscure, the dip is irregular and high, the limestone 
crushed and powdery. From 20 to 21, however, comes a change. 
There are steep dips to the west in somewhat concretionary lime- 
stone with cherty lumps and blotches of crystalline calcite. Then 
follow dips to the east at 30 to 40 degrees in grey shales and inter- 
bedded concretionary limestone and marls. 

In these rocks, between 20-5 and 20-6, I first found fossils 
Fossils (localities i and 2). They made their appear- 

ance on weathered surfaces in the form of 
corals, crinoid stems, and brachiopoda (chiefly j/.) They 

were not very remarkable in numbers or preservation, and they 
were mostly impossible of extraction, but at last real fossils were in 
evidence. Two points about the fossiliferous zones are worthy of 
note: (1) They are generally thinner banded, semi-concretionary 
limestones in the vicinity of shales ; or (2) shaly and marly layers. 
To work the former it is^^necessary to wrench away or chip off a 
surface layer of the hard limestone. As to the latter, the best method 
of search is to wander along the sloped cutting in its freshly 
weathered state, when a good collection (of brachiopoda chiefly) may 
be picked out with the fingers from the crumbling loosened surface. 

At the 2ist milestone the road begins to descend regularly 
towards Htam Sang, We cross a little pass and get on the other 
side of the ridge. We now have before us a course of dark grey 
fissile shales dipping at 30 to 40 degrees to the east with one or two 
thin quartzitic and somewhat calcareous layers. These shales 
weather a pale buff or khaki colour. I could find no definite fossils, 
only some somewhat peculiar vermicular markings (locality 3). 

Past milestone 22 with an intervening bit of covered ground, 
the road still descends a similar section with a few limestone bands, 
till near 23 miles 5 furlongs when we are rewarded by a fine 
section, 35 yards wide, in thin-bedded, concretionary-tabular 
bryozoan limestones with the usual interbedded marly and shaly 
layers, all packed with fossils, bryozoa, corals and brachiopoda 
(locality 3 a). The dip is as before. So far though no very charac- 
teristic and well-preserved specimens have been obtained, they 
suggest a middle productus limestone age. 
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On again past the 24th milestonei through more shales and cal" 
careous layers till milestone 24, when for half a mile the rocks 
exposed are alternations of shales, marls, and concretionary-tabular 
limestone containing a fair abundance of corals, bryozoa, and brachio- 
poda (locality 4), the latter being again found in crops on the rain- 
loosened surface of the weathered shales as at locality 2. Among 
them appear several specie^ of -4 rAym cf, roysii and Spirigerella 
cf. derhyi together with a quantity of Ckonetes grandicosta and a few 
specimens of Spiriferina cristata^ all of which are characteristic of 
the middle productus limestone of the Salt Range. 

As we near the 25th milestone the limestone asserts itself again 
more massively, mostly in white, grey, and pinkish layers, very much 
crushed, brecciated, and probably much folded and faulted, though 
how much one cannot say. No fossils. Then we pass the bungalow 
at Htam Sang and get down to the river-bed at 25 miles 4 furlongs. 
Just here is a natural bridge or covering in of the stream-bed, a 
limestone bridge, left like a snow bridge spanning the chasm. In 
the neighbourhood are said to be many caves. The road now 
ascends again following the river and climbing high above it to 26-3. 
It cuts through more of the crushed and crumbling white and some- 
times pinkish limestone, in which only a vague general stratification 
apart from the shear planes can be recoguized. It becomes dazzlingly 
white among the higher beds. Beyond 26-3 there is a short space 
without exposures, and at 26-4 appears concretionary-tabular grey 
limestone in thin bands among black shaly layers. This is fossil 
locality No. 5. For about 10 teet in the middle it is rich in fossils 
in the shaly or marly layers. Particularly noticeable among the 
fossils are large and small specimens of Sf infer musakhelensts^ one 
specimen of Preductus cf tndtcus and of Spiriferina cristata^ large 
numbers of Chonetes sp., among which are ch, grandicosta and 
ch, dichotoma. All these are eminently characteristic of the middle 
productus limestone. 

All the above may be extracted from the rock in the cutting, or 
picked up on the talus slopes on and below the roadway. Above 
and below the richer lo feet there are 50 to 60 feet of less rich 
layers containing principally crinoids, corals, and bryozoa. 

Up to and beyond 26-5 there next come some dark grey, splintery, 
much crushed shales, in which no fossils were found. Apparently 
a fault then intervenes, and what appears to be the last series over 
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again from the stream is repeated, but the amount of the crushed 
grey and white limestones is not so great. Among it occurs a 
purple band of shaly limestone. The concretionary grey limestone 
with interbanded shales is marked by a number of chert nodules 
and an absence here of fossils. 

The strike of the whole of this series is about north-west to 
south-east and the dip north-east. Beyond milestone 26-7 the road 
turns more easterly and curves round a hill-spur passing for a long 
distance through splintery shales, which as a whole seem unfossili- 
ferous. They are generally drab, but sometimes dark grey, and they 
weather paler colours. They are sub-concretionary and soft. The 
only fossils I found in them were an ill-preserved cast of portion 
of a nautilus between miles 29 and 30 (locality 5a), some indistinct 
white vermicular markings just east of 30th milestone (locality 5^), 
and an impression of part of a trilobite, a gastropod, and more 
vermicular markings at 30-2 (locality 5^). It is impossible to say 
regarding these shales whether they are a series separate to and 
older than the middle productus limestone series or not. The fossil 
evidence is too imperfect. These shales, interrupted locally by some 
of the red sandstones of zone 3 and soft pale sands and loams of 
zone 4 continue along the road, which keeps at a low level, 
constantly descending, until Mong Pawn is nearly reached, 
when close to the bridgeworks over the Pawn river there comes in, 
as if suddenly by a fault, some well-bedded concretionary* tabular 
limestones and shales forming a low cliff running about north to south 
and edging the Pawn river. The interbanded shales contain many 
brachiopoda chiefly Orthis indica (locality 6). But although nothing 
but shales were met along the road up to this point from milestone 
27, the cliffs above towards the south showed signs of the presence 
of the massive limestone at several points, doubtless repeated by 
folds and faults. Dr. F. Noetling, who has kindly helped me with 
my fossils, thinks that the whole of the fossiliferous series above, 
with the exception of those of localities 3, 5^1, 5^, and 5^, are 
undoubtedly of one age and certainly belong to the middle pro- 
ductus limestone of the Salt Range (permian of Europe). 

The wide valley of the Pawn river now makes a gap in the 
section, which is also complicated by the sub-recent valley deposits 
of zone 4. To the east of this valley the section takes us by a 
bridle-road up and over a lofty range, the Loi Sampu, about 5,000 feet. 
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For the first-half of the ascent grey, sometimes concretionary, shalesj 
which sometimes become sandy and of a dazzlingly white or pale 
pink colour, dip steadily at moderate angles (about 30°) to the west 
or east. 

There is, then, a rather sudden change and shales and interband- 


JjA Sampu lime- 
stone. 


ed limestones, the latter containing layers of 
compacted shells, dip more steeply to the east. 
At the crest of the ridge there are some few 


purple shales in evidence and then comes the steep descent towards 
Bamping over rugged dip-slopes of more limestone resembling that 
near Heho and containing a few compacted shelly layers and sandy 


shaly layers. 

From Bamping east there is a low-lying, gently undulating plain, 
broken further east near Nongsewik by a few 


Bampi^-Nongsewik isolated low hills and groups of hills. These all 

Itmeitone, 1 

show moulded dip curves to the west and 


scarped crags towards the east with low dips in a light grey lime- 
stone resembling that of Thamakan. It shows a slight tendency to 
a more crystalline condition. Away to the east the vast plain , 
dotted with a few hills, continues. It undulates and is grass-grown 


with a few clumps of pipal trees, etc. 

This is the farthest point in an easterly direction that I reached 
and brings the description of this section to an end. 

Considering the great limestone zone altogether as exhibited 
in the cart-road section we see that with a 


Thelime^^soneas tolerable uniformity of strike, and with locally 
recognizable dips and successions of the strata, 
there are still great gaps at important places and much uncertainty 
as to the amount of repetition and re-duplication by faulting and 
folding, especially along the areas of brecciated rock. It is, therefore^ 
impossible to rationally build up a continuous section with all the 
strata arranged in correct stratigraphical succession. We can only 
guess as to the proper relative position of many of them. For the 
same reason it is impossible to gauge the thicknesses of the lime- 
stones individually or collectively. We know that they .must be very 
thick, as their base is never reached, but that is all. 

There is, however, a certain surface succession to be made out 
among them in the area between Thamakan and Nongsewik. 
There is a large central part characterized by fossiliferous bands 
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of middle productus limestone age. On the one side of it, east of 
Heho, and on the other side of it, east of M6ng Pawn, there is a 
peculiar rather well*bedded limestone with faintly preserved layers 
of unrecognizable compacted shells, whilst outside each of these 
again come the similar pale grey limestones of Thamakan, on the 
one hand, and Nongsewik on the other. 

The surface symmetry of this arrangement can only be pointed 
out here. When more and better sections and detailed work have 
been accomplished the above may be found to harmonize with some 
plausible theory as to the full order of sequence of all the strata 
and the particular nature of the earth-folds that are responsible for 
that arrangement. 

Besides the extended cross-section along the Government cart- 
road just described, my subsequent work in this 

Oihtr sections. includes (a) a few cross and strike tra- 

verses north of Thamakan extending as far as Myinkyardo and 
Bawzaing ; (i) ‘a route traverse along the strike south of Thama- 
kan to Loikaw in Karenni ; and (t) a long cross-section in Karenni 
from the Salween river to near Yado— a distance of about fifty miles 
in a direct line. The last, it was hoped, would have proved most 
important, as it was a parallel traverse to the one along the cart-road, 
and I naturally hoped to again pick up the same sequence of 
rocks as on the cart-road. Such, however, was by no means 
realized. The other two sets of minor traverses may first be des- 
cribed. 

The Thamakan limestone with shale bands is known to extend 
northwards as far as Myinkyardo and probably much farther. The 
comparatively level sweep of country by Kyon, Nankon, and 
Myinkyardo shows here and there this limestone emerging and 
forming lines of rocky heights. These enlarge and close up some- 
what towards the west edge of the plateau and then the country 
rapidly falls away in riven and shattered scarps to much lower 
levels. The same limestone and shales as seen in the scarp east of 
Thamakan, and facing the Heho valley, take a parallel northward 
direction as far as Pwehla and the low hills east and north of that 
place. The Pwehla line of scarps are very prominent, while the 
low barren and waterless hills to the east and down to Kyauktat 
are obviously (as illustrated unmistakably by their curves) onward 
flowing billows of the same gently flexured limestone as they 
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gradually descend towards the northward and north-westward 
continuation of the Heho limestone. 

The mass of elevated hilly country between Myinkyardo and 
Pindaya is of the nature of a much disturbed anticlinal and is com- 
posed of limestone and shales generally of the well-bedded Heho 
type with compacted shelly layers. The same appears to hold for 
the hills east of Pindaya forming the Bawzaing group, and those 
east of Kyauktat running down to Heho, Some of the limestone, 
however, immediately west and two or three miles to the north-east 
of Pindaya contain recognizable crinoids and corals resembling 
those of the middle productus limestone group further east. In 
general, however, beyond the immediate neighbourhood of Thama- 
kan, either north or south, the evidence for any good distinction 
among the limestones is, as already stated, very weak owing to 
want of good sections. 

Similar limestones and shales without any characteristic distinc- 
tions, but plainly belonging to one or other of the three nominal 
divisions, extend for long distances south of the Thamakan-Mong 
Pawn cart-road, and compose the greater part of the plateau and 
hilly masses which continue to the south of Karenni. Between 
Thamakan and Loikaw 1 only traversed this country along the strike 
of the rocks, with a few short cross-traverses, consequently the 
limestone zone was only seen here along the narrow width of a few 
miles. 

But from Loikaw in the Karenni country I made traverses east 
over high ridges and low valleys as far as the Salween river, down 
the Salween as far as Ywathit, thence westwards again over 
the southern continuation of the same ridges to Saul6n and Nwe- 
daung, and thence west-south-west across a complicated hilly mass to 
Yado, I thus covered a breadth of country 45 to 50 miles wide across 
the strike. Here also I found that similar limestones and shales 
with a few quartzites, equally inseparable as to their individual 
formations, occupy almost the whole country, Their strike continues 
to be roughly north and south as before ; they pass through the 
same variations of colour and brecciation as before ; their exact 
manner of folding is equally indecipherable as before. The only 
local differences that can be detected are that in a little range of 
hills immediately south of Loikaw, and also near Saul6n, there 
occur some limestones and shaly limestones with crinoids, corals, 
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and brachiopods, ill preserved but generally resembling those near 
Pindaya ; and that all sections east of the Pawn river display the lime- 
stones and shales, which become gradually more metamorphosed 
until, at the longitude of Hsataw and Ywathit, snow-white and grey 
marble take the place of the ordinary limestone, while schistose 
slates take the place of the thinner-bedded layers. Along the 
west side of the ridge east of the Pawn there occurs also a band of 
quartzite and schistose slate and, doubtless the same repeated, in 
a line from east of Hsataw to Ywathit. It is but fair to add, how- 
ever, that in some places the rocks are hardly exposed at all, e.g,, 
between Loikaw and a few miles west of the Pawn river where 
immense blanks occur without a single rock appearing above the 
surface soil and the low burnt scraggy jungle, and also along 
the obscure junction line between the great limestone zone and the 
gneissic zone near Yado, where from the surface soil and weathered 
surface rock it is impossible to say whether we are upon old wea- 
thered quartzitic rocks or the younger purple sandstones of zone 3 . 

(j) Purple Sandstone Zone. 

As has already been said, the great limestone zone is inter- 
rupted by, or inlaid with, one or two minor com- 
^ positional zones of younger age which are here 

and there repeated. The purple sandstone 
zone (or zones, counting its reduplications) is made up of an ex- 
tremely characteristic set of well-defined strata, sharply con- 
trasting in every way with the great limestone zone with which it 
is packed. It appears to have been let down by faulting among the 
limestone zone, or to have been tucked in along certain lines and 
axes of reversed folds and faults — ^the one process or the other ac- 
cording to the style and energy of the mountain-building forces. 

There is only one thing certain with regard to its age, namely, 
that it is younerer than the neighbouring lime- 

Age uncertain. , , , 

stones ; though there are other things more or 
less probable which will presently be discussed. 

The main band or zone of these rocks is very well seen in ex- 
cellent exposures along the Government cart-road between a point 
four miles east of the Pyinnyaung and Kalaw. Shortly after getting 
through the gorge in the Pyinnyaung limestone and crossing a short 
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thickness of slightly metamorphic pale greenish grey slates and 
white quartzites with vertical or very high dip, the road turns south- 
south-east, and follows a long open valley in these purple rocks as 
far as Nampandet, and then ascends by zigzags to Wetpyu-ye and 
Kalaw through the same rocks. These purple rocks appear in the 
section in a sudden manner as if by faulting. 

They consist of a very characteristically coloured set of rather 
X, soft sandstones and shales, or hardened clays. 

With occasional conglomerates. Their gene- 
ral colour may best be described as a dark brick-red or chocolate- 
purple ; and as a whole they very greatly resemble many of the 
Kasauli and Murree beds in North-Western India. This resem- 
blance is so striking that, at the time, I unhesitatingly put them down 
as of tertiary age, a guess which seemed at first likely to be confirmed 
by the presence of coal in associated beds which most likely were a 
southern continuation of the so-described tertiary coal beds exam- 
ined by Mr. Jones in the vicinity; but, as will be seen later, there 
is an objection to this view. 

As compared with the Pyinnyaung limestone and the associated 
metamorphic and highly fissile rocks, this purple sandstone group 
is but moderately disturbed, the dip throughout its complete length 
being 30® and less, first in towards the metamorphics and then 
spreading out across the low valley, which, save for the forest, is 
fairly open and shallow. The slopes facing west are often gentle 
dip-slopes ; those facing east steeper scarps. In some places along 
this piece of road section, as near Nampandet and Kalaw, the in- 
terbedded conglomerates are of considerable coarseness and thick- 
ness. They are seen to be an angular or sub-angular conglomerate, 
the fragments being often very large and composed of harder bits of a 
similar purple sandstone to those interstrati Red with them ; but a few 
smaller and more rounded pebbles are of grey limestone. Sometimes 
along this stretch of country the cuttings expose sandstone of 
brown-grey or pepper-and-salt colour. 

The width of the zone here is about five miles It has an obscure 
contact with the Thamakan limestone east of Kalaw. 

I have met with the same rocks further north at the bottom of the 
great limestone scarp west of Myinkyardo in the bed of the 
panglaung river. The country in between was not examined by me, 
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but from Mr, Jones’ notes 1 about the coal of Palaung and Legaung 
it seems certain that it occurs in rocks of this zone or in the paler 
pepper-and-salt sandstones and shales which from evidence further 
south seem^ to be united with the purple sandstones into a single 
stratigraphical and compositional whole- 

South of Thamakan, during my route traverse to Loikaw, I again 
struck more of this purple sandstone zone, which presents a sharp 
boundary running north-north-west — south-south-east along the 
west-south-west foot of the prominent limestone ridge near 
Konni and Pinhmi and a few miles east of Leggia. Here it 
appears to spread out and include three small ranges parallel to 
the prominent limestone ridge. The two nearer ones are generally 
of the purple members of the zone, whilst further west in the 
neighbourhood of Inwun greyer pepper-and-salt sandstones and 
soft shales with some promising coal beds make up the sec- 
tion. Such dips as are seen are north-east at angles of 30°, but often 
higher. As regards the purple sandstones and shales and the 
pepper-and-salt sandstones and shales with coal, I was certainly 
impressed with the idea that they were only one continuous series, 
a single stratigraphical unit ; and therefore that the coal as found 
here would naturally represent the coal found by Mr. Jones at 
Legaung in what he believed to be tertiary rocks. Hence I was 
inclined to think the resemblance between the purple rocks and the 
very similar ones of Kasauli and Murree might reasonably be due to 
the fact of their being actually of about the same age. (Nests and 
strings of coaly matter are common in the Murree beds). But now 
comes the difficulty. On comparing my specimens of these rocks, 
notably the conglomerate and purple sandstone, with some collected 
contemporaneously by Messrs. La Touche and Datta east of Thibaw 
in the northern Shan States, it appears almost certain that they 
are Identical, whilst the latter are certainly the same as Dr. Noet- 
ling described from the same locality * as “red sandstones of unde- 
termined age " which rest whether conformably or not on the blue 
limestone, and are in turn overlaid by the recognized late tertiary 
sandstones and clays with coal beds forming the Lashio coal field. 

But Mr. La Touche is inclined to put these with his devonian 
rocks from some rather obscure fossil evidence. So here we arrive 

‘ Records, G. S. I„ Vol, XX, Part 4, p. 185. 

* Records, G. S. I., Vol. XXIV, Part 2, p. loj. 


L 
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at an impasse^ where argument is vain. I found no fossils in any 
of the series except imperfect plant remains in the coal layers j but 
I think further search there would yield something definite. 

The eastern line of junction between the purple sandstone zone 
and the limestone ridge to the east-north-east begins near Konni and 
continues as an unwavering line for about 14 or 20 miles and probably 
further along the route which I followed. Short cross-traverses 
near this junction at several points showed some remarkable de- 
velopments of the conglomerate. There are small bands near Leggia 
and other places, but at Min-ywa and south of it much of the hill- 
side east of the valley is thickly strewn with blocks of the conglo- 
merate which often becomes so full of limestone pebbles that petro- 
logically it is a limestone conglomerate. Near Min-ywa also there 
were good examples of interstratification of it with the normal 
purple sandstone, so that no doubt whatever exists as to its connec- 
tion with them, It would appear almost as if the much brecciated 
limestone had become disintegrated under weathering and the frag- 
ments flung down as a heterogeneous scree-material among the then 
forming purple sandstones. South-south-west of Min-ywa on the west 
side of the valley great hills of what appear to be limestone reveal 
on visiting them (during a cross-traverse to Tigyit) nothing but 
huge crags and grotesque masses of this conglomerate, which again 
on the western slopes overlooking the Tigyit valley are found inter- 
banded with the purple sandstones. Even more grotesque are the 
strange pinnacles and ‘‘ stacks of this rock as seen some miles 
further south in the rugged and jungle-covered country east-north- 
east of Nanpale. 

Beyond this point this particular sub-zone was lost sight of 
during my marches southward, and I do not know whether it dies 
out or how it disappears in this direction. 

Other sub-zones of it appear, however, at more easterly places, 
but in less marked ways, as, for instance, from east of Salaung as 
far as the Salween river and along the valley of the Pawn river from 
Sauldn northwards. There are also a few patches of what may 
belong to one of these zones on the Government cart-road a few 
miles west of Mong Pawn, and possibly also in the valley of the 
Pawn just south of Mong Pawn. Yet, again, it is possible that at 
one or two places, as at Sanai near Yado in Karenni, there may be 
representatives of these rocks ; but the exposures are too bad for 
positive identification. 
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(^) Sub-recent or Upper StTsaltk congtomeratcc^ sands^ loams\ 

and clays. 

The last set of rocks which I have found occurring as sub-zones^ 

Approximate age. in elongated outcrops among the great lime- 

stone 2one, show by their general horizontality,. 
by their restriction to the longitudinal valley systems, and by their 
general appearance of youth that they are either sub-recent or of 
uppermost siwalik age. 

The rocks are sometimes coarse, loosely coherent conglomerates, 
Petrography. hardly solidified pebble beds, with a matrix. 

of sand, the pebbles being very generally hard 
quartzite, but sometimes limestone. Associated with them are light- 
coloured sands and pale bluish grey clays and loams, sometimes 
splashed with red. In a few places abed or beds of lignite, to which- 
reference will again be made later on in this paper, are found. The 
whole is either quite horizontal or with only insignificant dips of a 
few degrees. They spread out and thin away locally along the 
stretches of level plateau, so that it is often quite arbitrary where 
their boundaries are placed. 

At many places as near Thamakan their uppermost layers are over- 
laid by a few feet of laterite which is locally 
Lateritej^^oihersur. quarried. Along the water-courses which have 

cut through the conglomerates and sands there 
is generally a very superficial layer of quite recent clay and loam, 
flush with the stream banks, and utilized for wet cultivatio-n. 

The first and most remarkable patch of these sub-recent rocks is 
found north and south of Thamakan, and lies 
as a superficial layer over much of the plateau. 
It gives to the country a soft and rounded appearance, except where 
the present stream-beds have cut back among it leaving steep-sided 
nullahs in their wake. 

At the latitude of Thamakan these sub -recent rocks are about 
seven miles wide at their greatest from west to east. North of that 
they narrow down to a point at Pwehla and south of it come to an 
uncertain end near Ngon-thon. They are probably some few 
hundreds of feet in thickness at the most. In general appear- 
ance they strongly remind me of the uppermost siwaliks of the 
Himalayas. 


Extension, 
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In the Heho and Sinhe valleys the cart-road exposes no certain 
examples of the conglomerates and sands. At Hopdng there is a 
very thin layer of them ; but in the Pawn valley round about Mong 
Pawn, and apparently stretching up and down the valley for long 
distances, they appear again in strength making a rounded and 
flowing valley bottom among which the Pawn and its tributaries 
run. They even invade the side valleys to the west of Mong Pawn, 
and so are cut into here and there by the cart-road fo-r a few miles 
west of that place. The flat valley about Tigyit with its lignite 
may also contain some of these sub-recent beds beneath the present 
alluvium. 

The same sands and conglomerates are also found west of 
Nwedaung near Daw*shi, but in small quantities. It is possible that 
at other places in the valley of the Loikaw river they may also be 
found. 

Between the village of Pyinnyaung and the ridge of limestone 
to the east there are found a few beds of conglomerate and soft 
sandstones inclined at a high angle and dipping east. Only a very 
little is exposed along the road just before getting into the lime- 
stone gorge. I cannot be sure that they are of the same age, but 
they possibly may be. 


IV.— Economic Geology. 

^ The occurrences of useful minerals, and the economic questions 
arising therefrom, were naturally matters to which I could devote but 
little time owing to my rapid movements. But I was able to see some 
few ores and other minerals, specimens of which Mr. C. E. Browne 
had been getting together for some time ; and later on I had the 
opportunity of visiting many of the localities in his company. 

(/) Coal and Lignite, 

As, in the northern Shan States, the development and utilization 
of the coal of the Lashio field is an economic question of first mag- 
nitude, so also in the southern Shan States is the question of the 
opening up of some source of mineral fuel for a possible railway 
there. For the settlement of that question detailed work with that 
object alone is required. Such rough notes as I have made in my 
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«)pin 5 on do no more than show that the matter has certainly not yet 
been finally disposed of in the negative. 

The coal and lignite of parts of the Meiktila District and the 
southern Shan States formed the subject of a paper in the Records ^ 
by the late Mr, E. J. Jones under the following headings; (3) The 
Panlaung Coabfield, pages 177-188; {3) Two coal localities in the 
Shan Hills, pages 188-190; and (4) On lignite occurring near 
Thigyit near Nyaungwe, pages 190- 1 91. Although the coal of the 
Panlaung field (supposed to be of tertiary age by Mr. Jones) was 
good as regards quality, Mr. Jones concluded that it v%'as only found 
irregularly and in pockets. As regards the two localities in the 
Shan hills, the coal of the Legaung outcrop has much the same 
quality as that of the Panlaung field ; and, though he does not give 
any geological data, it seems probable from my own observations to 
the south and north that it is found among beds of the same zone 
of formations, namely, my purple sandstone series. The second 
locality given by* Mr. Jones of Ngu, 7 — 9 miles north-west of 
Pwehla, I have identified as the place now marked on the one-inch 
maps as Ngot-ko-Yagyi. The black material is found half-mile east 
of that place in a band of white quartzitic sandstone among massive 
limestone of the Heho type, which in places show traces of fossils. 
It is evidently of quite different age to the other coals of the Panlaung 
field and of Legaung. As analysed in the Geological Survey Labora- 
tory it only gave 4'62 per cent, of fixed carbon. I found the stuff is 
locally believed to be plumbago, and a prospecting license has been 
applied for by a Chinaman. It apparently is a much crushed and 
sheared carbonaceous or graphitic shale, and is of no value as a fuel, 
whatever may be its value as ‘‘plumbago'^ to the enterprising 
Chinaman. It is about 10 feet thick, and dips west at 60® to 70®. A 
similar material is said by Mr. Browne to be found north-east of 
Tliit-e-bin near Pindaya. 

The lignite locality of Thigyit given by Mr. Jones belongs to 
neither of the two zones of formations above, but belongs to the sub- 
recent sands and clay filling the Thigyit valley, and as such is no 
doubt a southern continuation of other similar beds in the sub-recent 
or upper siwalik sands, etc., of the Thamakan plain, to which I shall 
again refer presently. 

Another coal locality not mentioned by Mr. Jones was visited by 
1 Records, G. 5 . I., Vol. XX, Part IV, 1887. 
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me on the information supplied by Mr. Browne. It is just east of 
Paya-byu (Po-pyu of the i-inch maps) near Inwun and lies about eight 
miles south-west by south of Thamakan. The coal occurs in several 
thin bands among the pepper-and-salt sandstones and shales which 
I have described above (page 145) as following in apparent conform- 
able sequence and forming a part of my purple sandstone series. 
The series is dipping at high angles of 70® to 80® north-east by east, 
and occupies the lower slopes of the 4,886 feet hill (i-inch maps). 
A fairly continuous section is exposed in the stream-bed for about 
600 yards above the valley. There are several layers of carbona- 
ceous shale, three of coal 6 inches thick, one of coal i4 feet thick, 
and one of coal 3 feet thick. From observations made in the stream- 
beds to the north and south of this section, it seems likely that the 
series is fairly continuous along the strike. The coal appears to be 
very good but friable. When Mr. Browne first visited this locality 
the coal was burning in one excavation, and a large concourse of 
people had assembled declaring it was the fire of hell (nga-ye-mi) 
escaping, Mr. Browne put out the fire with water, comforted them, 
and they dispersed to their homes. 

I have little doubt but that this coal is a southern continuation of 
the same beds and the same series as Mr. Jones examined in the 
Panlaung and Legaung localities. 

Outcrops of lignite similar to that of Thigyit occur among the 
sub-recent sands and clays in a horizontal layer at a point half a mile 
south-west of Nangon near Pwehla, and also at another place in 
the same neighbourhood if mile west-by-south of Nangon. It 
seems probable that a more or less continuous layer of it exists 
among these superficial rocks; but it does not seem to be very pure 
or very thick. 

{2) Copper. 

Copper ore in the form of antimonial tetrahedrite (sulphate of 
copper and antimony) with azurite and green carbonate and with 
small quantities of arsenic, iron, zinc, silver and lead,* occurs at a 
number of isolated places round about Yataung Hill, which is four 
miles north-east by north of Myinkyardo. Some prospecting licenses 
have been applied for. At one place, Ganaingya, ij miles due 
south of Yataung Hill, I saw surface working going on, having 

^ As determined in the G jolo^ical Survey Lab oratory • 
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tecently been started by Ganapatty Pillay of Moulmein, the ore 
being as described above. The ore occurs in limestone of the Heho 
type dipping west by north 30°. It is in thin veins running with the 
bedding on the east side of the hill. 1 was informed that more of 
this ore exists also at Mene-Taung and A-le-Chaung (localities a 

few miles away) . t. * 

Copper ore is also said to be found four miles west-north-west ot 
Mag we near Kalawand also in the stream-beds running to Kwe-ma-sa, 
south of Nampandet. 

(j) Gold. 

1 saw no gold during my tour, but it is said to occur 

about a\ to 5 west-north-west of Magwe (near Kalaw) in the 

Thamakan State . The occurrence is in a quartz vein. Gold is also 
said to be washed for in the stream-bed north and north-west of the 

same place. . 

Gold is also said to be found in the Baw State in the hills between 

the Zawgyi river and the Myitnge river. It is in the form of 
dendritic crystals and flakes in cavities along with quartz crystals in 
quartz rock or gneiss. The hill is about 3,000 feet high and lies 
about ten miles north-east of Myogyi town. 

Lea^'* 

The argentiferous galena of Bawzaing and the native methods of 
smelting and cupelling it have been fully described by Mr. Jones in 
his paper above cited, and need not be detailed again here. Several 
mines round about are being worked now by Chinese firms, the 

chief localities being : — 

ij mile east-south-east of Bawzaing. 

2i- miles north-by-east of Bawzaing (the Siszet mine), a 
poorer ore, but containing much more silver, 
Kyauk-ku-leywa State, in the hills (latitude 20 55 > longi- 

tude 96° 40') away from all villages. It is worked by the 
chief of the Pwehla State. 

The following mines are not worked now:— 

1 1 mile east-south-east of A-le-Chaung and 4% miles north 
of Myinkyardo. 

Pakin, about mile north-north-west of Bawzaing. 

Meiktila district near Pyinnyaung 29 miles 011 the cart-road 
from Thazi to Taunggyi. 



152 


Geological Survey of India. 


(i) Pyrites. 

Pyrites is dug for the manufacture of sulphur at Yebok in the 
Pwehia State, and also at places in the Bawzaing State. 

(d) Saltpetre. 

Saltpetre is manufactured at Nam-tok from the nitrate-impreg- 
nated soil gathered beneath the surface of the stalagmitic floors of 
caverns at the foot of the limestone hills north of Nam-tok. 


( 7 ) Pin> 

Tin ore (found by Mr. Holland to be cassiterite mixed with a 
certain amount of wolfram), is gathered at the villages of Mawchi, 
Lekhalu, and Re-ho-hku in the Bawlake State, Karenni. As described 
by Mr. W. G. Wooster, Assistant Political Officer of Karenni, the 
ore is washed out of the soil by water gathered during the rains in 
tanks above. I was not able to include a journey to these places in 
my tour. Mr. Holland reports of the specimens sent in to the 
Geological Survey Office that both the ore and purified metal are of 
excellent quality. 


(<S) Tourmaline {sreeri). 

Some beautiful transparent dark emerald-green crystals of the 
above were shown me by Mr. Hildebrand at Thamakan. They had 
come from a locality known as the ‘ green stone tract ' near Namon in 
Karenni, on the west bank of the Salween river about thirteen miles 
north of Ywathit. They had been locally and wrongly identified as 
green augite (diopside), but I believe were supposed by some to be 
true emeralds. To make certain I despatched a packet at Mr. Hilde- 
brand's reque st to the Geological Survey Office for determination, 
with the result that they were pronounced to be green tourmaline as 
I supposed. Later on 1 visited the locality with Mr. Wooster and 
found a small settlement of miners at work digging and washing for 
them. The stones are very beautiful in appearance, all being 
bounded by natural and brilliant crystal faces chiefly of the rhombo- 
hedron and prism. In size they vary from that of a pea to that of a 
small bean. The surface soil of the country, a brown sandy clay 
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with pisolitic ferruginous concretions, on the hill-sides among the 
blocks of crystalline limestone, is everywhere to the north and west 
of the little mining village dug into little holes and trenches. The 
sandy material is taken out, gone over by hand, and finally washed in 
the stream-bed. From the unrolled appearance of the stones I con- 
cluded that their matrix must be somewhere near in the crystalline 
limestone, and further search showed this to be the case. I was able 
to bring away pieces of a handsome white marble with the green tour- 
maline embedded in them. Packets of lo or 12 rather large stones 
were shown me which the possessors declared would fetch R300 
to R500 in Rangoon. But this seems to me to be a fictitious value 
probably due to their being at present successfully passed ofiE as 
true emeralds. Their absolute market value will doubtless in time 
descend to something much more modest than this ; but they will 
always have a certain intrinsic worth as pretty stones suitable for 
ornaments and setting in rings, etc. 


Preliminary Report on the Geology of the Ganjam District, hy 
F. H. Smith, A. R.C.S., Deputy Superintendent^ Geological 
Survey of India. 


The Ganjam District has practically never been geologically 
surveyed. A small tract to the extreme south, round Chicacole and 
Parlakimedi has been mapped by Mr. F. Fedden, and one or two 
notes have been recorded as to the prevalence of granitic rocks in 
the Berhampore neighbourhood; otherwise the country has remained 
unexamined. During the field season of i8gg-igoo I traversed some 
7,500 square miles, comprising the whole of the Ganjam Dis- 
trict with the exception of the small area above mentioned. 
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The Ganjam District may be divided, roughly, into two equal 
parts ; the eastern half, or coastal region, con* 
Ti^eraithy. ^ plain, almost entirely under rice culti- 

vation, thickly dotted with isolated rocky hills and small ranges up 
to 2,000 feet in height. The western half, know n politically as the 
“Agency tracts,” is an area of raised hilly country from 1,500 to 
5,000 feet in altitude. The hills are the Ganjam Malias, which form 
the Ganjam section of the Eastern Ghits. Travelling amongst them 
is restricted entirely to a few Government roads ; and they are very 
malarious, fever attacking with special virulence natives of other 
parts of India. 

The whole of the Ganjam District is composed of crystalline rocks 
which may be divided into two main groups ; 

General gtology. ^ complex mass of crystalline igneous 

rocks, varying considerably in composition, texture, and foliation , 
and (2) a series of bands of more or less crystalline schists, which are 
crushed and folded into the igneous rocks. The first group covers 
by far the greater area of the two. 

No unaltered sedimentary rocks are met with, but considerable 
areas near the coast are covered with laterite, and amongst the 
Malias certain patches of hills are capped by it. 


Crystalline schists. 


The schist evidently represents a more or less metamorphosed 
series of ancient sedimentary rocks, originally consisting of ferru- 
ginous, shaly sands and grits, with bands of impure limestone. In 
places the schist passes gradually into these sandy and gritty forms, 
but usually the latter have been entirely altered, chiefly by dynamo- 
metamorphism, into true crystalline rocks, of which the commonest 
form is a quartz-garnet schist always rich in sillimanite. 

The rock varies greatly in its degree of alteration, and it shows 
every gradation from an earthy, decomposed quartz-haematite 
schist to an extremely compact, pure quartz, and garnetiferous rock. 
Besides sillimanite, various accessory minerals are of constant 
occurrence, of which the chief are felspar, mica, graphite, epidote. 


and rutile. 

The original calcareous beds are now represented by several in- 
teresting bands of highly crystalline impure 
Mirteral limestone. amongst the schists. This is always 
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rich in accessory minerals, which are often in such abundance that 
they almost entirely replace the calcite. About two miles to the 
north-north-west of Purshottapur two bands of this rock, varying 
from a fine-grained mineral limestone to a handsome coarse-grained 
marble, occur, folded amongst the quartz-garnet schists. The rock 
is essentially a crystalline limestone containing much yellow-red 
garnet and pale-green diopside ; micTOScopic examination reveals the 
presence also of quartz, felspar, tremolite, apatite, epidote, sphene, 
and rare tourmaline. 

A band of a very similar rock occurs under the same conditions 
in the hill-shoulder above Worradamooli, near Kallikota. This is a 
fine-grained dioritic-looking rock consisting of quartz, felspar, diop- 
side, scapoHte, sphene, and apatite. 

Occasional exposures of similar diopside-bearing rock are seen 
amongst the Malias, always occurring as bands of slightly varying 
composition associated with the quartz-garnet schist. 

Another form of the schistose rock occurs in the vicinity of in- 
trusions of coarse pegmatite, and this is evi- 

spinel-hearing rock. 

some extent to contact action. 
In the Mussellkonda neighbourhood veins of micaceous pegmatite 
are found, near which dark ferruginous bands are seen in the schist. 
They consist of a granular rock composed of garnet, magnetite, 
spinel, augite, plagioclase, enstatite, quartz, and apatite. A similar 
rock is seen in the boundary range, six miles north of Kallikota. 
This is composed chiefly of garnet and magnetite — the latter passing 
imperceptibly into dark-green spinel, which is speckled with minute 
magnetite grains — with scattered grains of quartz and hypersthene. 

The igneous rocks which form the main groundmass of the whole 
district are frequently seen to be extremely 

Mode of occurrence. crushed and foliated, and much of this crushing 

has taken place since the solidification of the rock. The folding 
that then occurred evidently enveloped large masses of the over- 
lying sedimentary rocks, now only represented by the bands of 
schist, which remain amongst the granites and gneisses. The subse- 
quent metamorphism undergone by the folded bands appears to 
have been almost entirely due to pressure and only in a very small 
degree to contact action. Intrusive granite is found in one or two 
localities, notably near Russelkonda, but as a rule igneous intrusions 
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of any kind are extremely rare, and in the great majority of the 
schistose bands they are never seen. 

The bands of mineral limestone appear to form subsidiary layers 
amongst the ordinary schists, and to have been originated at the 
same time, and by the same agency as they were. The marbles 
are very similar in appearance and composition to the ruby-bearing 
rocks of Burma; but they have been carefully searched both in the 
field and under the microscope without any trace of ruby, sapphire, 
or ordinary corundum being discovered. 

The junction between the schists and the surrounding crystallines 
is very seldom seen. The hills are always covered with thick jungle, 
and the schists weather very readily into a red ferruginous soil, 
which effectually conceals their boundaries. Occasionally in the 
outlying rocky hills the two series of rocks are found in contact, 
and then the junction is seen to be one of gradual passage. The 
schist becomes more crystalline towards the edges, passing into a 
true gneiss, which soon becomes indistinguishable from the sur- 
rounding granite. The two rocks have apparently been crushed 
together along the boundary, and passage bands have thus been 
formed. 

There is a conspicuous difference in appearance between the 

Distribution composed of massive crystalline rock, and 

those composed of schist, and the distribution 
of the two series can be easily seen at a distance. The igneous 
rocks, especially the coarser granites and gneisses, form bold rocky 
hills strewn with boulders, often capped by great domes of bare 
exfoliating rock, or precipitous castellated peaks. The schists 
weather into smooth, red, soil-covered slopes, overgrown with low 
bushes. The rocky hills are frequently seen to be so seamed and 
banded with the red schist-bands that it is impossible to map the 
two groups accurately. 

The foliation strike of the schists is most inconstant, the bands 
running in all directions. In the eastern part of the district the dip 
of the foliation planes is often low, and the strike varies widely ; 
but to the north and west, in the hill tracts, the foliation is practi- 
cally always vertical, here the variation in strike is usually 
limited, ranging between north to south, and north-north-west to 
south-south-east. Schistose bands are found scattered impartially 
over the whole of the Ganjam District, and locally they occupy 
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fairly large areas. In the southern half of the Malia Hill Tracts 
the schist is somewhat infrequent. Over the coastal region the 
distribution is very even, but one large patch of schists occurs 
between Ganjam and Kallikota, stretching from the coast for some 
twenty miles westwards inland. The northern end of the Malias 
also contains extensive bands of schist. The largest of thesei 
covers the extreme western prominence of the Ganjam District, to 
the west of Tumriband and Kotgar. The latter area is interest- 
ing on account of the curious formation of the hill-ranges. A hill 
tract, some fifteen miles in length by ten in width, and rising to 
4,000 feet in height, is entirely composed of quartz garnet sillimanite 
schists, with vertical foliation and north to south strike. The 
summits of all the ridges are formed of the remains of a once conti- 
nuous, horizontal laterite cap, up to about 200 feet in thickness. The 
view from the top of any of these ridges is curious, every bill-range 
is approximately of the same height, and the top is perfectly level 
for long distances. The country was evidently once covered by a 
laterite plateau, which has been carved and gradually cut out by 
denudation, leaving the tops of the ridges alone of laterite, while 
the flanks and valleys are of schist. I have found hills of identically 
the same description eighty miles to the north-west in the Sambal- 
pur District, in the Central Provinces, notably the Gandamardan or 
Narsingnath range in the Borasamar zamindari. There a bold 
range, over 3,000 feet in height, of exactly similar rock, is capped 
by a horizontal plateau of laterite, from which the sacred stream of 
Narsingnath springs. Mr, V. Ball * also mentions several similar 
ranges, with flat laterite caps, which occur in the intervening 
Kalabandi State. 

There is no evidence in Ganjam by which to determine the age 
of the schists. They have a general resem- 
blance to the rocks of the older transition 
series, but none of the typical Dharwar forms are found amongst 
them. There is no doubt that they are identical with the rocks of 
the Gandamardan Range, and the latter have the advantage of occur- 
ring within a few miles of beds of Cuddapah, or lowest Vindhyan 
age. The latter are shales and quartzitic sandstones, which are 
quite unaltered. So it seems safe to assume that the quartz-garnet 
schists are of considerably greater age than the Cuddapahs. 

> Records, G. S. I., Vol. X, Part 4, P. iC9- 
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Crystalline Igneous Rocks. 

The main foundation of the whole of the Ganjam District is a 
somewhat complex mass of crystalline rocks of igneous origin. By 
far the greater part of this mass consists of garnetiferous granites or 
granulites, but amongst them are found various bands and dykes, 
usually of more basic character and containing rhombic pyroxene, 
of which the following are the chief : pegmatite, biotite gneiss, hy- 
persthen'e granulite, varying from acid to almost basic forms, and 
representing the charnockite series ; augite, mica, and hornblende 
diorites. 

Amongst the rocky hills, covered with soil and thick vegetation, 
it is practically impossible to make out the relationship of the dif- 
ferent rocks to one another. But it may be generally stated that 
pegmatite, and most of the diorites are younger intrusive rocks. 
Some few of the diorites, and the hypersthene granulites, are older 
than these, and of the same age, or perhaps a little younger than the 
main granites, from which the biotite gneiss has been locally 
derived. 

The most common form of the granite is a coarse-grained rock 
chiefly composed of quartz, with plagioclase fel- 
Garnetiferous^gramiic spat, garnet, and usually more or less biotite. 

The composition does not vary greatly, and 
then only as regards the amount of ferro-magnesian constituents. 
The texture and foliation vary widely. The finer-grained varieties 
appear to weather the more easily and they seldom give rise to bold 
features of the country. The coarse rock forms the great boulders 
and broken scarps which are so common throughout the granite 
hills, and its texture is frequently very coarsely porphyritic, containing 
crystals of felsar up to 6 and 8 inches in length. The coarse rock 
is also conspicuous when strongly folded, the porphyritic crystals 
being pressed out into flat patches of broken fragments. The 
biotite gneiss is a crushed form of the non-garnetiferous granite. 

A very common form of rock is fine, or medium-grained and 
strongly-foliated, containing dark layers of garnet 
GranulUe. amongst white layers of quartz and felspar. This 
represents the t)rpical form of granulite, '' and it passes insensible 
into the charnockite series by the inclusion of rhombic pyroxene, 
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usually in the form of hypersthene. In the field it is often impos- 
sible to tell from the appearance of the rock whether it is hyper- 
sthene-bearing or not, and there is every gradation between the 
ordinary granulites and the true, almost basic charnockites. 

The hypersthene granulites are seldom seen to be banded or fo- 
liated in the held, but under the microscope 
Hypersthene granulite. nearly always seen to be much crushed, 

the constituent grains often being almost mylonitic, and showing 

evidence of great strain. . . 

The more acid hypersthene granulites have a very cmracteristic 
appearance. They are of a general greyish colour, but if looked at 
closely, the rock is seen to be coloured bluish by milky quartz and 
pink, or red by garnets scattered through it. Garnet seems to be a 
constant constituent throughout the acid forms, but it decreases gra- 
dually and dies out entirelj from the more basic rock. The former 
generally consist of quartz, plagioclase-felspar, garnet, hypersthene. 


biotite, and magnetite. . , . , j 

The acid forms pass gradually by the inclusion of more and 
more rhombic pyroxene, into a dark lustrous rock, of greenish or 
brownish black colour and more or less basic composition, though it 
still contains a considerable amount of free quartz. The constituents 
are generally pla^oclase, quartz, hypersthene with enstatite and 
augite— biotite, apatite, and occasionally epidote. 

The hypersthene granulites are so intimately associated with the 
surrounding granites that it is very difficult to tell what is the rela- 
tionship between the two. The former appear generally to be banded 
in amongst the granites, and to have shared to varying extents in 
their crushing. The acid hypersthene-bearing rocks would suggest 
the mixture of the original magmas m a more or less molten state , 
while the more definite bands of basic chamockite were Foba^ly m- 

truded into the granite after the solidification of the latter. But it 

seems probable that the age of the two is very much the same. Many 
of the rocks which appear to be coarse garnetiferous 

to contain pyroxene, and they are sometimes seen to be intrusive 
An interesting exposure of this kind occurs about a mile to tl^e 
north-east of Bigupudi bungalow. Alow dome of massive rock is 
found to be composed of extremely coarse, porphyntic PF°«”« 
granite, containing felspars up to i foot in length. At the s»des jpd 
end of the dome, the rock becomes more fine-grained, with smal 
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crushed porphyritic felspars ; whilst at the edge the rock is extremely 
fine-grained and is seen to be composed of a mylonitic ground- 
mass of plagioclase and quartz with crystals of enstatite^ magnetitCi 
and epidote. The coarse rock appears to have been an ancient in- 
trusive masS| which has withstood the crushing that has gone on 
around it. 

There is another form of more or less basic augite-bearing rock, 
which seems to be quite distinct from the char- 
Fine-gratnedaugitic nockite series. It is always very fine-grained 
and it appears in two forms, occasionally as 
an ordinary intrusive dyke, but more frequently crushed and 
mixed into the coarse granitic rock. In the latter case it is impos- 
sible to tell which of the two is the older, they are so intimately 
interbanded and interlaced, that each in turn appears to be intrusive 
upon the other. This rock is chiefly developed in the neighbour- 
hood of Aska. It occurs throughout the hill mass a few miles to 
the south, interbanded and mixed with coarse granite, and again 
eastwards round Boirani, in a slightly modified form, in the form of 
dykes amongst highly-crushed coarse gneiss. The rock to the south 
of Aska is found to be a typical ' Kersantite,' being a fine-grained 
granular diorite, composed of plagioclase, augite, biotite, quartz, 
and magnetite. As might be expected from the mode of its occur- 
rence, it shews signs of strong crushing. The dyke rocks of Boirani 
have a slightly different composition, — plagioclase, quartz, enstatite, 
magnetite, and epidote — but they are very similar in appearance to 
the Aska Kersantite, and they have undergone subsequent pressure 
to an extreme degree, the quartz and felspar being crushed to a 
mylonitic mass. Similar rock is occasionally found amongst the 
Malias, banded with the granites. It is quite distinct from the more 
recent dykes, which are not crushed, and it evidently represents 
an older intrusive rock which has subsequently been folded and 
crushed amongst the surrounding granitic mass. 

Unaltered trap-dykes are very rare throughout the whole district. 

A few of small extent are seen amongst the 
Ttap^dykes. Malias. These are of fresh dioritic rock, and 

they are evidently of comparatively recent age. The dyke-rock is 
a bornblende-diorlEte consisting of somewhat granular quartz, plagio- 
clasei hornblende, and some rhombic pyroxene. 
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In one or two places warm sulphurous springs rise amongst the 
Sotsprings. Crystalline mass. The best-known of these is 
the ‘ Taptapani ’ which rises in the hills, about 
8 miles to the north-west of Poramari. It is a small spring of 
slightly sulphurous water, about i i5°F. in temperature, in which 
constant stream of bubbles of sulphuretted hydrogen rises. It is 
situated in the midst of massive granulites, and as in the other 
cases, there is no evidence to determine its origin. 

The mass of the crystalline igneous rock, granites and granulites. 
Age cry, min,*. is evidently of great age. It presumably formed 

the foundation, whereon were laid down the 
sedimentaiy beds, from which the schistose bands have been formed, 
a supposition which gives the crystalline igneous rocks an age 
considerably greater than that of the schist. 


The foliation of the igneous rocks, like that of the schists, is 
very variable in direction, and the folding of the rocks appears to 
have been due to local causes rather than to any one great and 
wide-spread disturbance. It would seem that at a remote time, 
previous to, and during the ‘Transition ’ period the igneous rocks 
were subjected to strong local disturbances, which resulted in the 
crushing and banding of the hypersthene granulites, and of the 
older intrusive rocks, and also in the folding and inclusion of bands 
of the overlying sedimentary rocks, subsequently altered more or 
less completely into quartz-garnet schists. Since these disturbed 
times the country has been at rest, and the few more recent dykes 
of intrusive rock, which have succeeded in reaching the surface, 
are still fresh and unaltered in every way. 

A good deal of the country near the coast is covered with 
Laterite. irregular deposits of laterite, which weathers 

into a somewhat barren red soil. The laterite 
is of no great thickness, being often only a shell of a few feet, 
underneath which decomposed and weathered rock is often visible. 
The latter appears to be invariably the quartz-garnet schist, from 
which the laterite is directly derived. The coarse granitic rocks 
are never seen to have any connection with the patches of laterite. 

Besides this low-level laterite, a similar vesicular, ferruginous 
clay is found, capping the western extremity of the Ganjam Malias 
at a height of about 3,500 feet. This high-level laterite cap has 
been already referred to as exactly similar, and overlying 
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similar rock, to that of the Gandamaidan range in* Sambaipur,. 
and like the latter it contains the chief water-supply of the sur- 
rounding country, springs arising all along the lower edge of the 
laterite. This cap seems to be the eastern extension of the high- 
level laterite which occurs throughout peninsular India, but it is 
noticeable that its occurrence is limited to the areas occupied by 
the quartz-garnet-schist, which alone of the Ganjam rocks seems to 
pass directly, by decomposition and concentraition of the iron, into 
laterite. 


Minerals. 

Ganjam has often been credited with the possession of valuable 
mineral resources. Sapphires and gold have been mentioned as 
occurring in the district, and the occurrence of workable deposits of 
manganese in Vizagapatam to the south has led to the hope that the 
same mineral might be found in Ganjam. Unfortunately the examin* 
ation of the country shows that valuable minerals, with the possible- 
exception of mica, are not to be found in the Ganjam District. 

In one field season it is, of course, impossible to carry out detailed 
prospecting over so large an area, but during my tour no minerals of 
economic value, except mica, have come under my notice, nor could I 
obtain any information of their existence in the district, from the 
local authorities or from the villagers themselves. 

As far as I could discover there are no traces 

Manganese. , . — . 

of manganese in Ganjam. 

Amongst the Malias there are a few native iron-workers, but 
they usually procure their iron already melted. 
Smelters are only found in one or two localities 
where they procure a soft earthy haematitic ore from the laterite. 

Graphite has been mentioned as forming a rich graphite-schist on 
^3st coast of India. It does occur in most 

Graphite, - , . , , 

Of the quartz garnet-schists, but only as minute 
specks scattered through the rock, visible as brilliant silvery grains. 
The total amount of graphite is quite insignificant. 

One of the chief objects of my work in Ganjam was the discovery 
of gold, but I was unsuccessful in finding any 
gold-bearing reefs in the district. 

Quartz reefs are almost entirely absent throughout the whole of 
the igneous crystalline area. Occasional small veins of white quartz 
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are met with, but no trace of gold is to be found in them, k more 
hopefuWooking rock is seen in one or two places amongst the schists* 
It is an opaque or iron-stained quartzose rock, forming a band 
amongst the garnetiferous schist, but it also gives ho trace of gold on 
testing, and no visible gold is obtained when the rock is crushed and 
washed. 

I was informed that gold*washing was carried on in the streams 
round the foot of Mahendragiri, but on my arrival there the villagers 
and the local authorities knew nothing of it. Near the summit of 
Mahendragiri, I found one grain of gold while washing the sand 
of a small stream. But no more gold could be found, and no quartz 
reef was to be seen in the neighbourhood. 

Amongst the Malias the hill tribesmen do not attempt to wash for 
gold in the streams and there appears to be no gold in them. 

Sapphires have been reported as occurring in theGanjam District; 

Sapphire, ^ packet of small stones, described as 

coming from the Mahendragiri Mountain, were 
sent to the Office of the Geological Survey in Calcutta for determin- 
ation. They were found to be sapphires, of a fine blue colour, trans- 
parent to translucent, and of considerable value. I spent a day or 
two on the summit of Mahendragiri, unsuccessfully searching for 
such gems, and I then learned the true history of the stones, some of 
which had found their way to Calcutta. Mahendragiri is almost the 
highest hill in Ganjam, 4,923 feet in height, and is well known as 
having several fine temples built on its summit, as well as many 
small shrines and monoliths. This is probably sufficient to connect 
the hill in the popular mind with visions of buried treasure. It 
appears that some fifteen years ago, a trader, described as a 
‘ Kabul merchant,' spent some days on the summit of Mahendragiri 
digging in the mounds, on which the small monoliths generally stand. 
The earth extracted was sifted, and the trader brought down some 
fine gravel with him, from which about sixty sapphires were picked 
out. These were eventually cut and polished in Madras, and pro- 
nounced valuable. The trader hoped for a reward from the Mandasa 
zamindari in which Mahendragiri is situated, but whether he took 
the stones up with him, or whether he had previously obtained 
information as to their hiding-place seems uncertain. 

The mass of Mahendragiri is composed of garnetiferous granulite 
which passes into a very coarse, porphyritic garnet-granite near the 
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summit, whilst the actual ridge consists of a band of hypersthene 
granulite. There is no trace of corundum, or sapphire, to be seen 
throughout these rocks, nor could I find any gems in the sands of the 
small streams which traverse the hillsides. I carefully washed the 
earth which remained in the mounds, but with no better results, so 
it would appear that all the sapphires had been successfully ex- 
tracted. 

As has been already mentioned the mineral limestone of Purshot- 
tapur does not yield any trace of ruby or sapphire. 

The only mineral in Ganjam of possible value appears to be 
mica, which has been known for some time to 
occur in the neighbourhood of Russellkonda, 
It has been extracted in small quantities, from time to time, by 
native physicians, who value it highly as a general medicine after it 
has been burnt and finely powdered. 

The chief locality where mica is found lies a few miles to the 
south-west of Russellkonda, in a strip of jungle-covered country 
between the Russellkonda-Aska road and the hills to the west. The 
mica appears at the surface as broken and frayed flakes amongst a 
loose gravel. These exposure are fairly frequent, and there is no 
doubt that many new outcrop*^ might be discovered if the country 
were systematically searched. 

The mica is a constituent of a coarse, more or less micaceous 
pegmatite, which occurs in i regular intrusive veins amongst the 
surrounding rocks. The lattei are usually fine-grained granulites, 
but in one or two instances the pegmatite intrudes into quartz 
garnet schist. The composition of the pegmatite is capricious and 
varies very rapidly, and a vein which is highly micaceous at one point 
is frequently found to be composed of quartz and felspar only, with 
occasional tourmaline, at a few yards^ distance, 1 selected the 
three richest outcrops of mica, on which to sink pits, in order to 
determine the quantity and quality of the mica in the fresh rock 
below, and these three pits were sunk at the villages of Goradandi, 
Bodiamba and Jillundit 

The results are not very encouraging as regards tKese three 
particular exposures, though mica of fair size was discovered. But 
the fact remains that this country is seamed by veins of coarse mica- 
ceous pegmatite, which, if only the right locality could be found, is 
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quite likely to yield valuable mica, as it does further to the south 
in Nellore. 

The Goradandi pit was sunk in a dyke of coarse pegmatite, 30 

Goradandi width, running north and east. The 

dyke can be roughly traced on the surface for 
a distance of 100 yards, but it is only highly micaceous in one place. 
Here, in a coarse granite, somewhat decomposed and kaolinised, 
mica-crystals are found up to 3 inches in diameter. The mica is 
broken and dirty, and it contains frequent small quartz-crystals. 
The quality does not improve below, and the lateral extent of the 
micaceous rock is only a few yards. 

At Bodiamba a band of highly micaceous gravel was seen, in 
which a trench was dug, but on reaching the 
underlying pegmatite, it was found to be entirely 


Bodiamba. 


unproductive. 

Near Jillundi on the Russelkonda-Aska road mica had been 
extracted occasionally within the last few 
yuiundi. years. The pegmatite dyke cannot be traced 

at all on the surface, and mica-bearing surface gravel was the only 
indication of its presence. This pit was the most successful of 
the three. At a depth of from 3 to 6 feet a considerable amount of 
mica was found in fairly solid crystals or“ books " of .irregular shape 
and up to 5 inches in diameter. The mica is somewhat frayed and 
earthy, from the results of surface action on the reck. Below 6 
feet however the rock rapidly loses its mica, and at 8 feet in depth 
it passes into almost pure quartz, with rare crystals of felspar. 

The mica extracted from the three pits has practically no market- 
value. The area of the plates is not sufficient— it is barely possible 
to cut rectangles 3x2 inches from the largest crystals, and this size, 
if pure and clean, has only a maximum -value of 2 annas per pound, 
and the mica is usually dirty and very frequently penetrated by 
quartz crystals. The micaceous rock, too, in all these cases is very 
limited in extent. On the other hand it is quite possible, that in 
this neighbourhood localities may be found where the micaceous 
rock is developed on a large scale, both as regards its mass and the 
size of the included mica-crystals. 

Coarse mica-tourmaline-granite is also found among the hills 
about three miles to the north-east of Russellkonda, but so far no 
mica-crystals of more than 2 inches in diameter have been seen in it. 
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A Geological Sketch of the Central portion of Jeypore Zamindari, 
Vizagapatam District, hy W. L. Walker, M.A, Ph.D,, 
Geological Survey of India. 

I.— Introduction. 

The country which is the subject of the present geological sketch 
constitutes the central portion of Jeypore Zamindari, and corresponds 
to that portion of Vizagapatam District which is contained in the 
north-east quarter of Atlas Sheet No. 93. The area of the country 
surveyed is about 2,500 square miles. Arriving 
ToitUonofafeasurneye . Jeypore about 2oth November iSyg, I carried 

on explorations till about 20th March 1900, when I returned to 
Calcutta vid Vizianagram. There are very few good roads, or even 
poor ones, but coolies are easily obtained for transport in this 
particular region, though in the unsurveyed country to the south 
neither coolies nor carts can be used, and elephant transport is 
essential. 

The eastern part of the country, reported upon as part of the 
Eastern Gh&ts, forms part of a great plateau 
Topography. about 3,000 feet altitude ; to the west it falls 

gradually from 2,000 feet in the Kotpad region, to about 700 feet 
south near Salmi. Two rivers rise in the hills to the east, the Indra- 
bati flowing westward into the Bastar State and the Kolab which, after 
a circuitous course, empties into the Godavari. The eastern plateau 
consists of low undulating brownish hills, either quite devoid of tree 
vegetation, or at most poorly wooded in the intervening valleys, 
while the north-western part constitutes an almost level plain of 
valuable arable land. Most of the south-western part, from Rama- 
giri and Modpodor southward, is well wooded with forest, of sS .1 and 
occasionally teak, which, in the future, if carefully preserved, will 
proveto be of immense value. Rock outcrops in the hilly country 
are very frequent and large, while in the lower country to the west, 
alluvial deposits and vigorous forest growth conceal the rock forma- 
tions over large areas. 

Geologically four rock groups are readily distinguished : — 

L— The greater part of the region west of the hill range is 
composed of crystalline schists— -biotite and hornblende 
gneisses — and schists— potstone and quartzites. 
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'ft.— The hilly country forming the eastern part of the country 
surveyed, is made up of rocks which can best be referred 
to as hypersthene granites, generally garnetiferous and 
at times showing such marked parallelism, as to be 
regarded as gneissoid granites, if not simply gneisses. 

In.— The comparatively level country in the vicinity of Kotpad 
is deeply covered with clay and sand, so that 

Rock groups, ^ , 

outcrops are very rare, but those that occur, in'- 
dicate a rock formation of old non-fossiliferous sediments, 
probably Cuddapah in age. A narrow strip of similar 
rocks extends south along the Bastar-Jeypore boundary 
as far as the Tulsi Hills. 


IV. — A few isolated outcrops of diabase have been observed, less 
altered forms near Jeypore, and again quite altered ones 
near Ramagiri. 

This region had never been geologically examined before, and 
when the adjoining unsurveye.d country has been surveyed, a full 
;geological report may be possible, the present sketch being only 
preliminary. Reference to the geologically coloured copy of the 
•north-eastern quarter of Atlas Sheet No. 93, which accompanies this 
•report ^ will make clear all geological and topographical references 
'Contained in the present sketch. 


II. — Crystalline Schisis. 

These rocks occupy the region between the 3,000 feet plateau, 
and the Bastar boundary, except for a small patch of Cuddapahs on 
‘the extreme north-west and west of the country surveyed. 

Professor Rosenbusch recently boldly divided crystalline schists 
into two classes. Those which in chemical and 
mineralogical composition are closely related to 
igneous rocks he designates with the prefix orthoj 
and considers as probably metamorphosed igneous rocks. Other 
schists, however, are closely related chemically to sedimentary rocks, 
and these he regards as metamorphosed sedimentary rocks, and he 
distinguishes them as ^^ra-schists. We thus have (?/'/A^7-giieisses and 
^izr^-gneisses according as there is reason to believe that the rocks 
in question are metamorphosed, igneous or sedimentary rocks. 

I Not yet published (Dir.), 
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In a general way the schists north of Ramagiri and Guma are 
of the ortho group, being somewhat coarse 
Orihe-gttmses. granitoid gneisses which in hand specimens 
would pass for granites. Both biotite and hornblende varieties 
occur, though the former is the commoner rock. Where not too well 
foliated, the felspars are large with a porphyritic tendency. The 
general strike is north-west. The best exposures occur north of 
Rams^ri, where the rock is so granitoid, that I was at first inclined 
to look upon it as granite. In the vicinity of Guma and Bagderi 
this rock is also abundant. (Specimens and 

At numerous points to the west and south-west of Jeypore, out- 
crops of a coarse grey potstone have been 
Poistom. observed. Near Noaput and Outagaon some 

three miles from Jeypore small quarries have been opened and the 
potstone hewn for building stone and carved into idols. It is again 
seen between Bipariguda and Modpodor on the Ramagiri road. 
The largest masses, however, are found on the Malkongiri road, four 
or five miles beyond Kolar bungalow. In this last occurrence the 
rock alternates with quartzites and well-foliated biotite gneisses 
which have a well-defined north-west strike, dipping from 45° 
-60° to south-west. The potstone, however, is fairly massive in all' 
the occurrences examined (specimens and 

The schists south of. a line from Kolar to Ramagiri belong to the 
para class. Biotite gneisses, very poor in fel- 
Parasehtsis, spar, occur over the country from Kolar to Pan- 

gam and northward to Tetulgama and Ramagiri. These gneisses 
are well foliated and strike north-west, though the dip varies. To 
a very small extent possibly as crushed synclinals these rocks occur 
as bands in the ortho-gneisses already described. Hornblende gneiss, 
pktasitic quartzite, white quartzite, quartz magnetite schist and 
greyish slaty mica schists occur as subordinate members of the para 
group of schists. 


111. — Hypersthene Granites. 

The hilly plateau country previously referred to forms the 
eastern part of the country geologically surveyed. 
Hypersthene rocks. hypersthene series is bounded on the west 

^ Reference to register numbers of the petrological collection of the Geological Museum^ 
Calcutta. 
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by the crystalline schists, the irregular line of contact passing about 
north-north-east through Jeypore, The rocks composing these hills 
are characterized by hypersthene, generally accompanied by common 
red garnet, and vary in acidity from norites with a specific gravity 
of 3’07 (specimen to granites with a specific gravity of about 
270. When fresh they are of a bluish to greyish black colour. 
Very coarse and even porphyritic forms occur, but the even-grained 
dark aphanitic rock is more typical. 

These rocks occur commonly in Peninsula India, where they 
have been studied by many geologists of this 
Previcus nmundature. department. On account of their forming most 

of the hill masses of the Peninsula, Dr. King, late Director of the Geo- 
logical Survey of India, called them mountain gneiss. More recently 
Mr. T. H. Holland has studied them, and in a memoir, now in 
press, proposes to call them Charnockites in honour of the founder 
of Calcutta. Lehmann and others have given us very full descrip, 
tions of similar rocks from the granulite formation of Saxony, where 
on account of their close relations with the granulites, they have 
been variously called, • diallage granulites, augite granulites, trap 
granulites and pyroxene granulites. The last name is now generally 
accepted for the Saxon occurrences. 

I prefer to use a nomenclature having reference to the mineralo- 
gical compositions, so that the names indicate the mineralogical 
composition and general nature of the rocks. 

In the Hill Tracts of Vizagapatam District a great elliptical 
mass of these rocks appears to make up the most of the Eastern 
Ghats. The longer axis of the ellipse has a north-north-easterly 
direction, while the area is probably four or five thousand square 
miles. The minor axis extends from Jeypore to within five miles 
of Salur, a distance of about sixty miles. The comparatively small 
part of this great mass, geologically examined 

Position of jeypore during the past field season, constitutes only 

occurrence. central portion of the north-western half 

of the ellipse. 

Both granitoid and gneissoid forms occur, though it is very 
probable that both forms are essentially the same from a genetical 
point of view. The gneissoid structure appears to have been induced 
by a pressure, acting at right angles to the major 
axis of the elliptical mass, and to the direction 


Structure, 
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of the usually imperfect banding or foliation. When examined 
under the microscope in polarized light, thin sections show that the 
constituent grains of the minerals of the gneissoid varieties of these 
rocks are so very free from pressure phenomena, that it is almost 
certain that the foliation was induced at a time when the tempera* 
ture of the rock was sufficiently high for it to be fairly plastic. 

The commonest variety of these rocks is a heavy bluish black 
massive form which the microscope shows to be granitoid in struo 
ture, and composed chiefly of anhedra of hypersthene, and almost 
equal parts of twinned and untwinned felspars. Next in importance 

HyiersihenemniUu reddish garnets often idiomorphic, green 

hornblende, pale greenish augite, quartz biotite^ 
and iron ores, but never sphene. Except the idiomorphic garnets, 
the other minerals are usually xenomorphic. Gneissoid varieties 
occur. The specific gravity varies from 2*77 to 3‘oo. This form 
may be referred to as hypersthene syenite. (Specimens and -^j)- 
A more basic variety in which hypersthene and plagioclose are 
Noriie, minerals, and garnet orthoclase, 

greenish augite, iron ores, and a little horn* 
blende or biotite the accessories, resembles so very closely the 
ordinary norite, that it requires no special name. In specific gravity 
it varies from 3*00 to 3*14. (Specimens and 

' More acid varieties in which orthoclase and quartz predominate, 


Hypersthene granite* 


and hypersthene and the accessories are less 
abundant, may be regarded as hypersthene 
granites. These granites in the field appear to pass gradually into 
varieties free from hypersthene, as is seen in the case of the rocks 
composing several of the hills between Goserla and Kolar (spcci- 
*^cn -jyV)- Here coarse and even porphyritic forms are much more 
frequent than in the case of the more basic varieties. Gneissoid 
rocks of this mineralogical composition occur. 

In several places, associated with the hypersthene rocks above 
, described, hypersthene diopside varieties were 

Dtopstde rocks, , , , ... 

Observed. In some a green spinel is present 

(specimen .j^), while in others plagioclase and sphene are parti- 
cularly prominent. ( Specimens and 

The relationship between these rocks and the commoner forms 
of the massif above described is very indefinite. Two of the occur* 
rences appear to be close to the border of the great igneous mass, 
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one near Kudbi and the other a couple of miles east of Kolar bunga- 
low* The third outcrop of diopside rocks is near Araku, where 
numerous small hills are capped with this rock, while the intervening 
ground is occupied by the commoner forms of the hypersthene rocks. 
In this last case I do not know the distance from Araku to the border 
of the massif, as I did not explore farther to the south-east. 

Numerous small hills of the same lithological character as the 
large massif, not indicated on the accompany- 
geologically coloured map, lie like islands in 
the schist complex, at distances up to three or 
four miles to the west of the western boundary of the main mass. 
The actual contact with the crystalline schists is nowhere exposed 
and the boundaries of the islands as well as of the main massif as 
marked on the geological map, are only approximate at best. 

I am inclined to regard these hypersthene rocks as forming a 


Jgneotts origin. 


great igneous s^ocAy though it would be very 
difficult to prove conclusively that this is the 


case. My reference to this very interesting group of rocks is pur- 
posely brief, partly, because a detailed report can more properly be 
prepared after the completion of the survey of the great massif, and 
partly, because they have been so exhaustively studied from various 
parts of the Peninsula by Mr. T. H. Holland and described by him in 
a memoir now in the press. 


IV.— CuDDAPAH System. 

The level plain extending from Kotpad to Nowrangapur, and 
south-east almost to Sashandi, offers very few points for geological 
observation, but wherever rocks are exposed, they are always found 
to be non-fossiliferous sediments. On this ground chiefly I have 
assigned them to the Cuddapah System. 

Near Kaliagura haematite quartzite, and ordinary quartzite are met 
with. The latter rocks in this section show in 
polarized light beautiful secondary growths of 
quartz on the old clastic grains. The interstices 
between the rounded grains of this former sandstone have been filled 
in by newly-deposited quartz substance, the crystallographic orienta- 
tion of the new quartz always agreeing with that of the adjacent 
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clastic grains (specimen ^). In several small ravines half a mile west 

of Sashandi outcrops of purple shales occur. Similar rocks were 
observed in the bed of the Indrabati river near Aoli. Three miles 
north of Kotpad, a few loose blocks of a calcareous hornstone were 
observed, though I was unable to find this rock in situ. These 
outcrops are only sufficient to lead one to suppose that the whole 
of the deeply alluvial- covered plain, of which Kotpad is the centre, 
is underlain by Cuddapah rocks. I have mapped it accordingly. 
Besides the Cuddapahs of the Kotpad plain, rocks of the same 
group occur along the Bastar-Jeypore bound- 
Othet Cuddapahs. Bansuli, near the confluence of the 

Jaura and Kolab rivers south-westward as far as the Lokli hills, where 
the Kolab finally leaves Jeypore territory. This strip of Cuddapah 
rocks is quite narrow, never more than four miles wide. 

In the Jaura at Bunsuli purple siliceous dolomite is well exposed 

(specimen The general strike is north- 

Jaura^Kondajori , 

outcrops. easterly* Again some five or six miles south, 

near Kondajori small isolated hills of semi- 
metamorphosed red and white mottled dolomite occur. In some of 
these mottled dolomites peculiar coral-like structures abound. 
Though possibly of organic origin they are too badly preserved to 
enable one even to say definitely whether they are of organic origin 
or not (specimens ^ and On the banks of the Kolab near 

Korokpur, and again at Talur purple slates and shales crop out. 
Farther south, at Araguda, due west of Ramagiri, the Kolab forms 
cascades as it cuts its gorge through nearly 
Araguda hmsstone. horizontal, grey, argillaceous limestone. In 

places the limestone has been dissolved away by the running water, 
giving rise to phantastic pillars, which are often capped by loose 
perched blocks, pierced by circular openings, or meeting to form 
arches. Caverns along the banks of the river are common. A mile 

or two north, probably in similar rocks (specimen occur the sacred 

caves of Gupteswar, where Hindu pilgrims assemble in large numbers 
for the annual feast which is held about the end of February. 

Near Tetulguma the Kolab traverses a highly metamorphosed 
conglomerate ; — the general mass of the rock 
conghm^ei^ates. ^ q^artzose mica schist with pebbly 

bands an inch or two wide and from four to 


Araguda limssione. 


Tetulguma 

conglomerates. 
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eight inches apart. Within the pebbly bands the matrix of the 
pebbles is identical with the mica schist of the broad intervening 
bands, but the flattened pebbles appear to be uniformly of a some- 
what more basic material. Were the pebbles and the matrix of the 
same chemical composition, one might be inclined to regard the con- 
glomerate as of autoclastic origin, but this can hardly be accepted in 
view of the very different chemical composition of the pebbles and 
matrix (specimen •^). At Tetulguma, as at Korokpur and Bansuli, 
the general strike is north-east to south-west. 

The hills Lekki, Tulsi, and Lokli are not so definitely related to 
the Cuddapahs. They are, in general, composed 
Doubtful Cuddapahs. coarse, somewhat friable quartzite, not com- 
pletely cemented by secondary quartz. On account of the friable 
nature of the quartzite, I have mapped them as Cuddapahs in pre- 
ference to including them in the crystalline schists. 

Some of the quartzites along the boundary between the Cudda- 
pahs and the schists bear a close resemblance 
Dharvarsl^), some of the Dharwar rocks. I thought them 

worth testing for gold, but on crushing and washing not even a colour 
of gold was obtained and unfortunately no fire assays were made. 

V.— Diabase. 

Some of the small hills close to Jeypore are composed of a 
black compact rock resembling some of the 
maiase. intermediate forms of the hypersthene series. 

The microscope discloses it as a somewhat altered ophitic diabase. 
Some two miles west of Ramagiri similar rocks occur, but in them 
the augite and plagioclase have been altered, giving rise, to an 
epidiabase. The outcrops are quite unsuited to determine the 
nature of the geological relationship, though on lithological grounds 
it is probable that these rocks occur as dykes (specimens 
and:{^). 

VI.— Dynamics. 

It has already been mentioned that the general strike of the 
oldest group of rocks, the crystalline schists, is north-west. This is 
the direction of the best foliation, though one often observes slicken- 
sides with a north-easterly direction. In the country^ surveyed the 
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hypersthene rocks without exception strike in a north-easterly direc- 
tion. Thin sections of the gneissoid varieties of these latter rocks, 
when examined in polarized light, are usually seen to be so perfectly 
free from pressure and tension phenomena, — undulatory extinction 
and granulated borders of quartz grains for examples, — that one is 
compelled to conclude that the pressure acting at right angles to 
the foliation of the hypersthene rocks, which induced the foliation, 
must have acted at a time when the rock was in a distinctly plastic 
condition and very probably at a high temperature, The Cuddapah 

^ rocks when not horizontal, as in the case of the 

Two strike atrecitons. . , t ^ 

Araguda limestones, or quite massive as are some 

of the quartzites invariably, have an approximate north-eastern strike. 

From these facts it may be deduced that the oldest rocks are the 
crystalline schists, which, before the intrusion of the great igneous 
massif, or the deposition of the Cuddapahs, were acted upon by an 
earth movement from the north-east or south-west, giving rise to 
the north-west foliation, which is quite wanting in the case of the 
younger groups of rocks. Later the hypersthene rocks were intruded 
and the Cuddapahs deposited, and a new force acted from north-west 
or south-east, giving rise to the foliation of these two rock groups 
and inducing the slickensiding of the crystalline schists. It must 


„ , , not be inferred from this, that when this second 

earth movement began, that the Cuddapahs 
were already deposited and that the hypersthene intrusion was 
taking place. This would mean that the hypersthene rocks are 
younger than the Cuddapahs, while the earth movement may have 
acted during a very long period, beginning with the intrusion of 
the igneous mass and giving rise to the uncrushed foliated rock 
from the plastic mass, while during the long period of its action the 
Cuddapahs were deposited, and the same strike imparted to them 
as had already been taken on by the hypersthene rocks. 

It is remarkable that in this large area dykes are quite absent 

Ai^nce of dyke rocks, we regard the few diabase outcrops as 

portions of dykes. 


VII. —Economic Geology. 

Nothing of special economic value has been discovered in the 
rocks of the area described in this report. 
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Iron is manufactured locally in scores of villages scattered over 
the country occupied by the crystalline schists, 
though I have no knowledge of such occurrences 
outside that group of rocks. The ore varies from magnetite quartz- 
schist (specimen near Modpodor, concretionary limonite near 
Malsama, to compact limonite near Bagchua (specimens and 
There are no extensive workings, and I believe that the 
limonites are only superficial formations from which no great 
quantity could be obtained. Outcrops of quartz magnetite schist, 
however, belong to a different class, for in them the ore is a member 
of the crystalline schists, and in them larger quantities possibly, and 
of richer grade may be found by exploration. At present, however, 
in any case the great distance from any means of easy transport 
renders these ores comparatively valueless, and an industry of 
modern proportions is impossible. Under careful conservation the 
forests in the vicinity of Modpodor and Ramagiri are capable of 
furnishing an abundance of charcoal for iron working. 


The method pursued by the villagers in manufacturing iron is 
very simple. Charcoal and iron ore, broken to about 
walnuts, are mingled, and smelted in 
an upright cylindrical clay furnace about 8 
inches in diameter and 30 inches in height. 1 he furnaces are built into 
the wall of a pit, and supplied by means of the common bellows with 
blast from below. The iron produced appears to be of good quality, 
as it is used for making sickles, ploughshares, axes, and, in fact, almost 
all iron implements used by the villagers. 

Potstone occurs to the south-west of Jeypore, towards Noaput 
^ and Outagaon, and is being used to a small 

Potstone. j r 1.1. 

extent for building purposes ana tor the manu- 

facture of idols. It is much more abundant and of slightly better 

quality south of Kolar, though in none of the outcrops examined 

was the rock of a very high quality. 


The limestone along the Kolab near Araguda, and possibly some 
of the limestone in the vicinity of Kondajori, 
Limestone. could be used for the manufacture of lime, 

while some of the mottled doloinitic limestone from the latter 
locality are very pretty as ornamental stones when polished. 
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Reference has already been made to the quartzose rocks along 
Gold (?) boundary between the Cuddapahs and the 

^ crystalline schists. Some of these rocks so 

closely resemble auriferous rocks of the Dharwar system, as to be 
worth prospecting. It is well known that in certain places along the 
Kolab the sands yield small quantities of gold on washing. 


Notes on the Relationship between the Productus limestone and the 
Ceratite formation of the Salt Range, hy Fritz Noetling, 
Ph. D. (Berlin), F. G.^S., Paleontologist^ Geological Survey of 
India. 


I.— Introduction. 

Ever since Dr. Fleming’s discovery of a rich fauna in beds which 
he called Productus limestone ” the latter have excited the greatest 
interest amongst geologists* Dr. Fleming’s collection was sent to 
Europe, and owing to the frequency of Producti the strata con- 
taining this fauna were pronounced to belong to the carboniferous 
system, and were correlated with the mountain limestone series. 
But not only did Dr, Fleming collect palaeozoic brachiopods, but 
also a considerable number of ammonites, which belonged exclu- 
sively to the group of Ceratitidee ; his statement that they occurred 
together with the Producti was discredited and considered to be 
based on wrong observations. Yet Dr. Fleming’s statement was by 
no means such an erroneous one, as it was generally believed to be, 
and if the evidence had been considered not so much from the stand- 
point of the geological dogma, our views regarding the age of the 
productus limestone and the ceratite formation would have been 
altered long ago. 
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On the authority of Dr. Verneuil, Davidson, Dr. Koninck, and 
Murchison, the productus limestone was pronounced to be of car* 
boniferous age, and this view Mr. Wynne adopted in his excellent 
memoir on the Salt Range ; he considered the productus limestone 
to be carboniferous and the '‘ceratite formation^' as triassic. This 
is to be regretted, as Mr. Wynne himself noticed the very gradual 
passage from the productus beds into the ceratite formation, and it 
will be admitted that if we assume the productus limestone to be 
carboniferous, it primd facie impossible that the ceratite formation 
can represent the triassic system, and if we consider the ceratite 
formation to be triassic, the beds underlying the same cannot 
possibly represent the mountain limestone, considering the gradual 
passage which exists between the two series of beds. ‘ 

The late Professor Waagen was originally inclined to believe in 
the carboniferous age of the productus limestone,^ but as the 
determination of the fossils progressed, he felt himself obliged to 
change his views considerably, and after various alterations he 
finally decided that the productus limestone plus the lavender clay 
and speckled sandstone represented the permo -carboniferous and 
the whole of the permian system.^ 

In his subsequent publications dealing with the ceratite form- 
ation, Professor Waagen stated positively that there existed a breah 
between the ceratite formation and the productus limestone and 
that the equivalents of the Otoceras beds of the Himalayas were 
absent in the Salt Range. 

When I visited the Salt Range for the first time in January 1894, 
I had an opportunity of observing the fine section in the Chideru 
ravine. The strata exposed range from the lavender clay up to the 
upper ceratite limestone, though owing to a local fault, the lower pro- 
ductus limestone could not be observed. It is sufficient for our 
purposes to say, that an uninterrupted sequence of beds from the 
middle productus limestone (Kalabagh beds, Waagen), up to the 
upper ceratite limestone (zone of Stephanites superbus^ Waagen), 
could be observed. 1 noticed at once that there existed a gradua 
passage between beds which owing to the occurrence of Productus 
tndicus unquestionably belonged to the permian, overlaid by beds 
which contained numerous though ill-preserved specimens of cer itiUs 

' Mem. Geolog. Survey of India, Vol. IX., p. 353* 

* Salt Range Fossils. Geological Results, p. 2 +x. 
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species. Unfortunately I had not sufficient time to study this sec- 
tion in detail and my notes were put aside until a more favour- 
able opportunity should arrive. 

When returning from Baluchistan in November 1898, I paid 
another hurried visit to Chideru in order to verify my previous 
observations; but before publishing the results, it was deemed neces- 
sary that I should devote more time to the study of the productus 
limestone and the triassicbeds at other localities in the Salt Range, 

I was consequently deputed during the field season 1899-1900, to the 
Salt Range^ where I visited and carefully examined the sections near 
Virgal, Warcha and Chideru, Although there are still many other 
localities which could not be visited, the study of the above sections 
has proved with absolute certainty the existence of a gradual passage 
between productus limestone and ceratite formation. This is no new 
discovery so to speak, because Mr, Wynne had already noticed the 
same, but my observations proved enough to show that Waagen's 
belief in an unconformity between the productus limestone and the 
ceratite formation, which he has distinctly set forth ^ in the now 
famous paper on the sub-division of the triassic system is abso- 
lutely erroneous. But more than that, I succeeded in discovering a 
species closely related to Otoceras^ not as I expected, below the 
lower ceratite limestone, but actually right in the middle of the 
ceratite marl, thus not only proving that Otoceras beds exist in the 
Salt Range, as I have always maintained on stratigraphical grounds, 
but that the ceratite marls have to be considered to be the equi- 
valent pf the Otoceras beds. 

In addition to the above I discovered that the main layer of 
Xenodiscus carbonarius^ Waagen,® is considerably lower down in the 
sequence than believed to be by Waagen. A few more observa- 
tions regarding the boulder bed, speckled sandstone and the lower 
productus limestone enabled me to trace satisfactorily the relations 
between the glacial palaeo-dyas and the marine neo-dyas. 

It would be out of place to go into details in a preliminary note, 
and I reserve to myself the right of being more explicit in a subsequent 
paper. It will be perfectly sufficient if I give here the section near 
Chideru, and also set forth the sub-division of the productus lime- 

’Entwurf einer Gliederung d. pelag. Sedimente d, Trias Systems, Sitzungsber d. K. K 
Akademie d. Wissenscb, 1895, Vol. CIV, Pt. i,p. 12 71 f£. 

3 Id order not to cause mistakes 1 retain Waagen’s name, though in many cases 1 do 
not agree with him as to the correctness of the determinations. 
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stone and ceratite formation as adopted by me on the strength of 
my recent observations. 


2.— Section in the Chideru Ravine. 

The small ville^e of Chideru is situated in the western part of the 
Salt Range, about 12 miles north of Wanbachran railway station, and 
therefore easily accessible during all times of the year. To north-east 
of the village, which is right at the foot of the hills, a tortuous 
and wild glen cuts through a low range, which is succeeded by 
a fairly broad valley ; it is here where the passage between 
productus limestone and ceratite formation can best be seen. 

At the foot of the hills a detached mass of middle productus 
limestone, dipping at a high angle towards west, and disappearing 
under the alluvial deposits will be met with. It is much shattered 
and separated by a small fault from a purple coloured sandstone. 
The latter is followed by the lavender clay the beds of which form a 
distinct flexure. Above the lavender clay follows a series of beds, 
the exact nature of which could not be ascertained as they are covered 
with debris from the middle productus limestone. Then follows the 
middle productus limestone, obviously a slipped mass, which is 
separated from the main range by a fault. In the main range 
we first have a slope, covered with talus, probably hiding the lower 
part of the middle productus limestone, then the middle productus 
limestone forming a precipice facing west, and dipping about 50°-6o“ 
north-east. Then follows in an uninterrupted series, the upper 
productus limestone, and the ceratite formation, which dips towards 
the productus limestone on the northern side of the valley, thus 
proving the existence of another fault. In descending order the 
section is as follows 

Ft. in« 

26. Whitish calcareous sandstone o 

25, Slachclla sandstone . • • • • • • 5 

24. Olive coloured, thin bedded limestone, alternating with . 50 o 

marls of the same colour (Zone of Stephanites su- 
perbus) • 

23. Olive coloured, somewhat brownish, rather hard calcareous 10 o 

sandstone, with numerous specimens of Flemuigites 
Jletnin^ianus, "Waagen, and Aspidiies superbus, Waagen 
(Zone of Flemingites flemingianus). 


N a 
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Ft. 

22. Dark bluish green marls havinga few thin layers of lime- loo 
stone imbedded. Fossil very common, the following 
Zones could be distinguished— 

gone of Koninchites volutus, Waagen • 

Zone of Prionolobus rotuntatus, W &agen. 

Zone of Celtites spec. 

Dark brown, hard and flaggy llitnestone with numerous 

ill-preserved fragments of Ceraftfes * * ' | 

Dark b“tn, hard and flag^lin.«tone with numerous 

Ul-oreserved fragments of Ceratttes . . * ‘ 

Lli thtelj-teddod «pr.»d by 

I “ib”’ ^ *8i”S “to 

the hammer; indistinct traces of . . 

brom, thWy^.. 4 toJ unto.n. by 

H saidstoK, Ml of ““'i I'oS" 

“taV «.pb»ay W or 

Sb“ySto«o«.»»tooneofbto»i. door, opparenOy 

unfossiliferous • • • • ^ / j u’ 

Hard, dark brown, calcareous sandstone by 

arenaceous layers, full of fragments of shells (Belter- 

ophon (?) or Siachella)^ 

?Srkl5Sedded ’rather’ soft’ sandstone’ of pale yellow 
colour forming a very continuous bed, subdivided by 
a few argillaceous layers only. Unfossiliferous. 

Light brownLclay, with strings of calcareous sandstone 
and gypsum, unfossiliferous . ■ • 

. Hard limestone of light brown colour, full of- 
Bellerophon impressuSf Waagen 
Schtgodus pinguiSi Waagen, 

Soft yellowish sandstone, unfossiliferous • 

Soft sandstone of light yellow colour, full of large s]}cci- 

mens oi Productus indicusy Waagen . . 

6 . Soft sandstone of dark brown colour containing numerous 

specimens of — 

Productus indicus, Waagen, 

Oldkamin^ decipietis, Koninck, 

Dentalium herculaneutn, Waagen 

5. Soft rusty brown sandstone, with hard calcareous layers, 
full of— 

Derby ia he misphoricay Waagen 


m. 

o 


21. 

20. 

19. 

18. 

17 - 

16. 

IS* 

U- 

13- 


12« 

IZ* 


10 

9- 

8 . 

7* 


3 o 
2 o 

5 o 

2 6 

0 4 


6 

a 


4 
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12 o 


I 6 


4 o 


9 o 


25 o 


120 o 
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Ft. in* 

4. Hard, brown sandstone in thick layers apparently un- 

fo 3 siliferous 65 o 

3, Yellow sandstone with hard streaks, full of— 

Productui indicui^ Waagen, 

Productus corCf d’Orbigny . • . 50 o 

2. Greenish clay apparently unfossiliferous . . • 25 o 

I. Hard nodular limestone of grey colour, full of fossils, 
thickness not measured, but representfag the typical 
middle productus limestone. 

If we go through the above section, the single beds of which, as 
cannot sufficiently be emphasised, pass so gradually into each other, 
that it is frequently difficult to draw the boundary between the same, 
we may observe that there cannot be the slightest doubt as to the 
age of the beds i, 2 to g, and 17 to 26. 

The beds 17 to 26 represent the ceratite formation in its hori- 
zons as distinguished by Wynne, 

Ft. in. 

25 -) 

24 > Upper ceratite limestone and ccratite sandstone . 77 o 

23) 

22 Ceratite marls • o 

21-17 Lower ceratite limestone • . • . 12 10 

The beds 2 to g unquestionably represent the upper productus 
limestone. Bed i represents the middle productus limestone. 

There remain therefore" only beds 16 to 10 having an aggregate 
thickness of 29' i", the stratigraphical position of which remains 
somewhat uncertain for the present, owing to the absence of dis- 
tinct fossils. The lithological character of the beds from Nos. 15 to 
10 is however such that I would unquestionably include them in the 
upper productus limestone as it is more in accordance with the 
lower than with the upper beds. It is extremely unfortunate that 
the fragments of the shells are so minute, that it is impossible to say 
whether they belonged to the genus Bellerophon or Stachella. 

The above section proves unquestionably the gradual passage 
between the productus limestone and the ceratite formation ; but 
in order to understand the conditions more clearly we may sum- 
marise the lithological facts in the following way ; 

In the middle productus limestone hard, white limestone in 
thick beds prevails. This is gradually replaced by soft limestone 
of brownish colour separated by argillaceous beds of considerable 
thickness, in various tinges of yellow or brown. The colour of the 
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shales gradually darkens to bluish green, as can be particularly 
well seen near Vergal; and the limestone bands become more 
subordinate. The lower part of the ceratite marl is dark blue, 
but the colour gpradually gets lighter, at the same time thin beds of 
limestone, argillaceous limestone, even sandstone, make their 
appearance, and towards the close of the series whitish beds appear. 

Whatever view may eventually be held with regard to the ceratite 
formation I cannot sufficiently emphasise the fact that stratigraphic* 
ally it belongs to the productus limestone series, from which it 
cannot possibly be separated, and any attempt at a sub-division must 
absolutely and solely be based on palaeontological grounds. 


3. — Notes on the productus limestone. 

Further east of Chideru a very fine section from the middle 
productus limestone up to the base of the ceratite formation can 
be seen. The beds are here particularly rich in fossils. It was at 
this place that I discovered the main layer of Xenodiscus carbon- 
arius which occurs in about the topmost 20 feet of the middle 
productus limestone together with Productus indicus. 

Under these circumstances it is no longer admissible to dis- 
tinguish a separate cephalopod bed within Waagen’s meaning, in the 
upper productus limestone, particularly if we keep in mind that 
the cephalopoda in this group are extremely rare. 

Unfortunately I had no opportunities of studying the lower pro- 
ductus limestone in greater detail, because it is nowhere well devel- 
oped in the localities which I have visited. 1 have, however, been 
able to ascertain, that if developed together at the same place, the 
glacial boulder bed is always the oldest in the series ; this is over- 
laid by the speckled sandstone beds, which in their turn are followed 
by the lavender clay ; the lavender clay passes gradually into the 
lower productus limestone. 

So far only very few fossils have been found in the lower part 
of the series, namely, bivalve casts and Conularia nodules. 

The productus limestone fauna makes its appearance very sud- 
denly, and in the lowest fossiliferous bed which I could discover the 
same fauna prevails as in higher beds. 
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The following is the sub-division of the permian in the Salt 
Range according to my interpretation ; — 





Jpper ceratite 
limestone. 

Zone of Stephanitss superbus^ Waagen. 




Ceratite sand- 
stone. 
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Progress report on the Survey of Spiti and adjoining areas, iy 
H. H. Hayden, B.A,, B.E., Officiating Deputy Superintend 
dent. Geological Survey of India. 

In order to resume the work begun in the summer of 1898, 1 re- 
turned to Spiti in May of last year. 1 was accompanied on this 
occasion by my colleague, Dr. A. von Krafft, to whose valuable assis- 
tance must be attributed much of the progress made during the past 
season. 

A short summary of the results obtained in i8g8 has already 
been published in the last “General Report, ” 1 898-99, ^ from 
which it will be seen that special attention was paid to the older 
beds of Spiti, including the palaeozoic group and the lower trias. 
The chief object in view, therefore, during the past season was to 
examine, in as great detail as was possible in the time at our dis- 
posal, the remainder of the mesozoic group, and also to complete 
the geological map of Spiti and carry the survey, as far as possible, 
into the adjoining areas. Although much of this has been accom- 
plished, and the results obtained have proved to be more compre- 
hensive and more important than we had expected, yet a few points 
still remain doubtful and it is desirable, before publishing an account 
having any pretensions to completeness, that these should be cleared 
up by a short visit to certain localities, which owing to want of time 
have hitherto received less attention than they deserve. 

The earlier part of the past season was devoted to an examination 
of the whole sequence of rocks found in the valleys of the Pin and 
Parahio rivers. 1 then left Spiti and crossed the Mdnirang pass into 
Bashahr, where I completed the map of the north-western portion of 
that state, working round eventually to the junction of the Spiti and 
Pdra rivers, whence 1 crossed a portion of Hundes, striking British 
territory again at Chdgya Sumdo in Rupshu. I thence worked up to 
Tso * Moriri and mapped as much as was possible of the portions of 
Rupshu adjoining Spiti, returning to Kibber via the Pdrang La.» 
In the meantime Dr. Krafft, who had remained in Spiti, had been 
engaged in mapping some of the north-eastern parts of that area, 

1 See pages xx to 22 and 46 to 50. 

2 Tso«lake. 

s La=pass. 
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and in working out in detail the whole of the mesozoic group from 
lower trias to cretaceous : he then joined me at Kibber and we 
worked out via Losar and the Hamta pass to Kulu. 


Spiti and Bashahr. 


Palseozoic Groups 

Haimanta There is little to add to the notes made in 

1898 with reference to this system : we have still failed to find in 
Spiti any trace of the lowest sub-division, as seen in the eastern 
Himalayas, that characterised by the prevalence of conglo- 
merates.^ 

The middle division, as seen in Spiti, was described in the pre- 
vious summary* In Bashahr it is exposed in 
Middle haimantas^ Thanam and Sutlej valleys and consists 

in the former locality of quartzites and slates with beds of grit to- 
wards the top. 

In the Sutlej valley below Hango the rocks of this division have 
been much altered by intrusive granite and are represented chiefly by 
quartz schists and garnetiferous mica schists with Kyanite. 

The upper haimantas ( red quartz shales of Mr. Griesbach^) 
are well developed in Bashahr, and are more 
Upper haimantas, characteristic than in Spiti. They consist 
of dark blue, black and green magnesium slates, weathering bright 
red and yellow, with subordinate bands of quartz schist and black 
carbonaceous shale,— the whole having a thickness of not less than 
1,000 feet. 

It has already been recorded ( see previous report ) that in the 
.upper caMn " trilc ”ver in Spiti, these _ » red 

bite beds.” quartz shales ” are overlain by a series of 

quartzites and slates, with thin bands of reddish brown dolomite, 
and in these beds upper Cambrian trilobites vrtrt found in 1898. 
Wherever the upper haimantas have been found, careful search has 
been made for these “trilobite beds," but except in the Pin 
valley near Muth, fossils have not been discovered in any new 
locality. 

* Mem., G. S. I., vol. XXIII, p. 51. 
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A detailed examination of the original section in the Parahio valley 
Cambrc^lurian uncoff^ proves that an important unconformity exists 
formity, between this series and the overlying Silurian 

grits and quartzites. The highest member of the upper Cambrian 
is a thick bed of reddish-brown dolomite, which is apparently always 
overlain by one or more bands of conglomerate. The lowest of these 
bands is made up of fragments of the dolomite, and varies in thickness 
from about five feet to nearly two hundred ; in the former case it 
lies on an eroded surface of the dolomite, but in the latter, it com- 
pletely replaces the dolomite, and rests unconformably on the shales 
and quartzites of the trilobite beds.’* 

The upper conglomerate is composed of fragments of quartzite 
probably derived from the upper and middle haimantas, and has been 
found in every section examined, whereas the lower or dolomite con- 
glomerate is occasionally absent, as is the case in the Thanam valley. 
The boundary between the upper cambrian and silurian systems should 
probably be taken at the base of these conglomerates, and not, as was 
originally suggested, at the base of the reddish-brown dolomite : this 
assumption, however, is based merely on the intimate lithological con- 
nection between the dolomite and the underlying beds, for no fossils 
of lower silurian age have yet been found in Spiti, 

Silurian,^\t is possible that no lower silurian rocks occur in this 
area, for there is no trace of the “ lower silurian 
TOW'S* wnan coral limestone *' found by Mr. Griesbach in the 
Niti sections, its place being apparently taken in Spiti by the upper 
Cambrian trilobite beds and conglomerates ( in the Parahio valley )i 
and by the conglomerates, with portions of the trilobite beds, in the 
Pin valley and other localities. 

Throughout Spiti the higher conglomerate passes up gradually into 
the great system of red grits and quartzites referred by Mr. Griesbach 
to the upper silurian. In Spiti no trace of fossils has been found in 
this series, but it is overlain by some 650 feet of shales, and lime- 
stones containing an undoubted upper silurian fauna, and its age is 
therefore probably either middle or lower silurian. 

The upper silurian rocks were briefly described in my previous 
„ , . report, Further collections made, during the 

past season, include several specimens of ca/y- 
mene sp., numerous brachiopods and very fine specimens of 


Upper Silurian, 
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Halysites catenularia, Lmck., and the assumption of an upper 
Silurian age for these beds has now been confirmedt 

The grey coral limestone containing Halysites eatenul&rta is over- 
lain by about 100 ft. of hard, grey, siliceous lime- 
De^oman ? stone, weathering brownish-red red crinoid 

limestone,'' Griesbach). A few fossils have been obtained from this 
limestone, but they are nof sufficiently well-preserved to throw much 
light on the question of the age of the rock : its position, however, 
—immediately overlying upper silurian beds — would indicate a 
devonian age. But further search in the sections near Lio in Bashahr 
would probably result in the discovery of better fossils. 

The red crinoid limestone passes up gradually into a reddish 
quartzite, which in turn shades off into the white (Muth) quartzite. 

Carboniferous and permian. — In the section near Muth — ^‘south- 
ern facies ” (Stoliczka) — this quartzite is overlain by a few hundred 
feet of limestone which is separated from the overlying permian sand- 
stone and productus shales by a thin bed of conglomerate, while in the 
sections in lower Spiti (the “ eastern facies "), the productus shales 
and their associated sandstone (or sandy limestone) are underlain by 
.conglomerates which pass down into several thousand feet of alter- 
nating shales and quartzites, and neither the white (Muth) quartzite, 
nor the overlying limestone, are seen ; it was, therefore, supposed by 
previous observers (Stoliczka and Griesbach) that an unconformity 
existed between the carboniferous limestones and the productus shales. 
This unconformity — which occurs at the base, not of the productus 
shales but of the permian calcareous sandstone, which everywhere 
immediately underlies the productus shales — has now been traced 
throughout the whole length of Spiti and northern Bashahr. In Spiti 
the characteristic facies of the upper palaeozoic is the southern of 
Stoliczka, z/za., the white (Muth) quartzite overlain by a relatively small 
thickness of grey limestone, upon which the permian sandstone rests 
unconformably . At the head of the Thanam valley, the limestone gra- 
dually disappears and the sandstone lies on the white quartzite, which, 
however, as the outcrop is followed from west to east, also dies out, and 
so on with the underlying beds until the permian sandstone is found 
resting with apparent conformity on the red silurian quartzite. Higher 
beds then gradually re-appear, and at the Hangrang pass, between 
Sungnam and Hango, the sandstone rests on the lower beds of the 
upper silurian limestones. North of Hango the white (Muth) quartzite 
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is again seen in small patches, gradually increasing in thickness, till 
above Lio in the valley of the Lipak river, what appears to be a 
complete section of the carboniferous and permian beds is found. 
The section up to the top of the Muth quartzite is perfectly normal j 


these follow in ascending order 
(«) grey limestone, 

(5) alternating beds of limestone, shale and quartzite, with a 
thin band of conglomerate, 

(tf) thick mass of hard, dark limestone, with some flaggy sand- 
stones and slatesj 

{d) shales and quartzites (the ‘‘eastern facies*' ), 

(e) conglomerates and grits passing up into calcareous sand- 
stone (permian), 

(/) productus shales. 

This is probably the most complete section of carboniferous and 
permian beds yet known in the Himalayas, and the total thickness 
from the base of the Muth quartzite to the base of the productus 


shales is certainly not less than 5,000 feet. 

Fossils have been found in a, c, d, and e. In the lowest bed 
(a), — “upper carboniferous limestone (Sa)” of 
Gray UmesioHe t Griesbach ’ — brachiopods are common, but as 

? Upper carbomferoui* , .1 • i j i.i. 

a rule badly preserved ; they include the genera 
Productus, Athyris, Dtelastna Derby ia and Syringotkyris, the last- 
named being the commonest, and being represented by at least tw'O 
species, which, however, owing to the bad state of preservation of 
the specimens cannot be identified with certainty. One species, 
however, is indistinguishable from a form described by Dr, Diener ^ 
as S, cuspidata, Mart. Diener’s specimen was collected by Stoliczka 
near Ruling in Spiti, where this limestone is exposed; the specimen, 
however, would seem too fragmentary to warrant specific identifica- 


tion 


Fossils occur at several horizons in the sub-division (c) These 
include species of Syringothyris, Spiriferina, 
Rhynchonella ^cf. pleurodon, Phill.), Dtscina, 


? Permian, 


1 Mem., n.S. I.,VoI. XXllI,p.ai6. 

> Pal. Indica, «er. XV, Vol. 1, pt. s, p. l6. Dr. Diener infers that the specimen was collertcd 
from a lower carboniferous limestone which, in Niti, occur bdow the white (Muth) quartzite ; 
this bed, however, is not exposed at Kuling, the lowest member of the section being the white 
quartzite. The matrix, too, is indistinguishable from that of specimens collected by us in 
Spiti in the upper limestone (8a). His inference of a lower carboniferous age is therefore hardly 
i ustified. 
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Athyris^ Productus, Chonetes^ Derbyia. As a rule the specimens 
are too poor to be identified specifically, but they strongly resemble 
forms from the productus limestone of the Salt Range and are prob- 
ably of permian age. A pygidium of Phillipsiay closely resembling 
P* cUffordi^ Woodw., was also found in these beds. 

In the time at my disposal it was possible to make only a super- 
ficial examination of this section, but the re- 
aiiZ^ofthe»Pwi^L semblance between the series of quartzites and 
Umestone." limestones and the productus limestone series 

as seen on the North-West Frontier is very striking, and it is pro- 
bable that a detailed investigation would throw considerable light on 
the true relation and extent of the carboniferous and permian sys- 


tems of the Himalayas. 

The overlying shales and quartzites attain a thickness of about 
4,000 feet, but are rarely fossiliferous. Near 
•• FenesteOa shales." however, some of the higher shale bands 

contain large numbers of Bryoeoa chiefly Fenestella^ and these beds 
probably represent the Barus or Zew 4 n beds of Kashmir. Srachtopods 
also occur, but they are very badly preserved. 

These shales and quartzites are overlain by grits and conglo- 
merates of varying thickness, passing up into a 
Conglomerates. coarse calcareous sandstone or sandy limestone. 

Fossils, chiefly Producti, occur in the grits, but they are badly 
preserved as a rule. The calcareous sandstone, 
Permian sandstone. ho^rever, contains numerous brachiopods, among 

which the following forms have been recognised : 

Spirijer musakheylensis, Dav. 

„ cf. nitiensis, Diener. 

Athyris gerardi^ Diener. 

„ subtilita. „ 


Productus purdoni, Dav. 

Martinia glabra. Mart. 

Dielasma sp. 

In Spiti and Bashahr this bed invariably accompanies the 
productus shales, with which it seems always to be intimately con- 
nected. Below it occurs the great unconformity which is so strongly 
marked in the southern parts of Spiti and in the Thanam valley. 
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Calcareous sandstone or 
sandy limestone, under- 
lain by grits and conglo- 
merates. 

With Spirifer mu$ahheylens%8^ 
Athyrit gerardh Diener, 
Athyris suhiiliia^ Diener, Pro- 
ductus purdonif Dav., MarHnia 
glabra. Mart., DUlasma sp. 

g 

E 

Alternating beds of shale 
and quartzite. 

Limestones, slates and 
quartzites. 

With numerous hryoeoa and 

hrachiopodaM 

With Fhillipsia cf. cliffordi, 

Woodw., Syringothyris sp., 
Spirifarina sp., Rhynchonella 
ci. pleurodon, Phill., Discina 
sjf,, Athyris sp., Productus sp., 
Chonetes sp. and Derhyia sp. 

t 

TJ 

B 

CS 

I 

’S 

0 

■e 

a 

U 

Grey limestone, often oolitic 
and crinoidal. ^ 

With Productus, Athyris, 

Dielasma, Syringothyris (the 
last named genus very common). 


White quartate=:“Muth 
quartzite ” (StoHczka). 

Apparently uofossiliferous • 

P Caiboniferous. 

Grey siliceous liniestone, 

weathering brownish red 
=** Red crinoid lime- 
stone ” (Griesbach). 

With fragments of crinoids and 
brachiopods. 

P Devonian. 

Limestones, marls and 
slates. 

With Halysites catenularia, Lmck., 
and other corals in the upper 
beds 

and 

Calymene sip,, Strophomena sp., 
in the lower. 

Upper Silurian. 

Red gritty quartzite, under- 
lain by conglomerate. 

Apparently unfossiliferous • 

P Lower silurian. 

Slates and quartzites, with 
a few bands of dolomite. 

With upper cambrian irilobites . 

Upper Cambrian. 

Red quartz-schists, slates 
and carbonaceous shales. 


Upper haimanta. 

Quartzites and slates • 


Middle haimanta. 
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Mesozoic Group. 

-During the season of 1898 work was confined chiefly to 
the lower trias including the “Otoceras beds," » Subrobustus 
beds” and Muschelka)k, from all of which collections were made. 
These collections were examined by Dr. A. von Krafft (see 
“ General Report/’ 1898-99, p. 1 1) and were found to include some 
new and interesting material. During the past season considerable 
additions— chiefly of new or rare forms — have been made to those 
collections, but attention was chiefly directed to the upper trias, 
from which collections were made while the whole sequence of beds 
was examined, so far as was possible in the time at our disposal. 
During the past few months these collections have been examined 
by Dr. Krafft, and the following notes are based chiefly on the results 
of his investigations, of which a fuller account will be found in 
Dr. von Krafft’ s paper in this year’s “General Report.” Most of 
the upper triassic horizons known in the eastern sections of 
the Himalayas have been recognised in Spiti, where, however, the 
fossils contained in them are olten small in number and badly pre- 
served : but some compensation for this is found in the existence in 
Spiti of other horizons rich in fossils, hitherto unrecorded from the 
Himalayas. 

The productus shales are overlain by about six feet of black 
limestone and shale— the “ Otoceras beds ” of 
iOTow ” Otoceras Otoceras is rare, the most characteristic 

genera being Ophiceras in the lower layers and 
Meekoceras in the upper. 

This bed is overlain by grey, thin-bedded earthy limestones, al- 
ternating with narrow bands of shale. These represent the “ sub- 
robustus beds ” (Diener) of the eastern sections. This term, how- 
ever, is not applicable to the Spiti area. 

These are overlain by a thick bed (60 ft.— 90 ft.) of grey nodular 
limestone, in which fossils are very rare and, with the exception of 
one form {Nautilus ex. aff. N. palladii, Mojs.), too badly preserved 
to be identified. 

The next series— muschelkalk— consists of grey concretionary 
limestone in beds about one foot thick, 

Muschelkalk, separated by thin bands of shale. The lowest 
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bed contains lower muschelkalk forms together with Ceratites 
subrobustuSi E, von Mojs. 

Separated from this by a thin parting of shale is another band of 
limestone containing numerous brachiopods, the commonest being 
Spiriferina^siracheyi^ Salt* This is overlain by the remainder of 
the muschelkalk with the usual fossils, Ptychite& gerardi^ 

Blanf., Piychites rugifevy Oppel, etc. 

The muschelkalk is overlain by a series of calcareo-us shales 
with thin bands of limestone, containing several 
ZasAww re- gpgcies of ammonites as well as large numbers 

of Daonella indica^ Bitt, and Z>. lommeliy Wiss.^ 
The prevalence of this characteristic ladinic species is very in- 
teresting, and it would seem that that stage is amply represented in 
Spiti and includes a considerable thickness of beds hitherto sup- 
posed to be of carnic age. The hiatus said to exist in the eastern 
sections between the muschelkalk and the upper carnic is therefore 
probably only local. 

These daonella shales*' pass up gradually into a series of dark 
splintery and flaggy limestones with thin bands of shale. Daonella 
lommelty Wiss., has been found in the lower beds, but in the upper is 
apparently replaced by species of Halobia. 

This limestone is overlain by a thick series of light grey 
calcareous shales with dark limestone bands, containing, as a rule, 
few fossils. The lowest bed of this series is a dark grey shale full of 
black cherty concretions containing fossils, chiefly Trackyceras (cf. 
aonoides) and Joannites cymbijormis^ Waag. The overlying shales 
and limestones contain also species of Halobia and Me^alodon^ and 
a band rich in brachiopods including Spirtfer skalshalensis^ Bitt., and 
Rhynchonella lankana^ Bitt. Towards the top, limestones are more 
numerous, the series gradually becoming one of limestone with 
subordinate bands of shale. These beds, which contain Tropites 
cf. Sub-bullato^ v. Hau., and Clydonautilus griesbachi^ E. v. Mojs., 
presumably represent the “Tropites limestone" of Kalapani, but the 
fossils are few and badly preserved. 

Above this series is a great mass of hard dolomitic limestone, 
which has yielded only Megalodon and a few brachiopods and lameU 
libranchs^ It is overlain by sandy limestones, flaggy, -sandstones and 
dark micaceous shales. The limestones contain bivalves and am- 
monites, the latter including Paratibetites ^&iiarnquisti^ E, v. Mojs.,. 

o 
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%nd ? Haueriies sp. The sandstones are full of badly-preserved 
plant remains, and the shales contain numerous concretions con- 
taining chiefly JuvavUes sp., and Paratihetiies iornquisti, E. v- 
Mojs,, a fauna resembling that of the “ Halorites beds ” of the eastern 
sections. 

The next bed, which forms a very characteristic horizon in Spiti 
and Rupshu, consists of a hard grey or white dolomitic limestone 
full of corals, amongst which a very common form is one resembling 
Lithodendron. Other fossils are rare, but gastropods occur in 
Rupshu and brachiopods — including Spiriferina griesbachi, Bitt., 
were found by Dr. Krafft near Lilang. This limestone may be equi- 
valent to the “ Spiriferina griesbachi beds ” of Niti. 

Above the main mass of the limestone are thin-bedded earthy 
limestones containing badly preserved fragments of ammonites. 

These beds are overlain by flaggy sandstones and shales, strongly 
resembling the series immediately underlying the coral limestone. 
Fossils occur near the top of this series, chiefly in two horizons, the 
lower of which consists of a band composed entirely of remains of 
Monotis salinaria. The higher horizon lies at the top of the shales, 
and is very rich in fossils, chiefly Spiriferina griesbachi, Bitt., 
which occurs in enormous numbers. Immediately above this horizon 
are some bands of limestone containing a large bivalve fauna. 

The overlying beds form one of the most constant and charac* 
teristic horizons of the upper trias of Spiti, and consist of a series 
of white and brown quartzites, with subordinate limestone bands. 
The white quartzite bed can be seen at a distance of several miles 
running as a thin white band among the darker beds in the high cliffs 
of the upper trias. With the quartzites are intercalated limestones, 
amongst which is a characteristic bed containing numerous very 
large specimens of Megalodon sp. This bed is found everywhere, 
but is specially well marked in the Para valley, north of the Parang 
La, where a very fine Megalodon was obtained. Numerous sections 
of a bivalve nearly two feet in diameter occur in this bed, and pro- 
bably represent Dicerocardium, but no specimens could be obtained. 
This is the characteristic horizon in Stoliezka’s “ Para limestone." 

Above this quartzite series is a great mass of limestone over 

DachiUinkalh. probably representing the up. 

permost trias, the rhaetic, and much of the 
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Jurassic (lias to probably middle Jurassic). Fossils are rare in ther 
lower part of this limestone. 

About the middle of the series fossils become more 
numerous and resemble liassic types, among these being a Spiriferinct 
cf. ohtusasy 0pp., which occurs about 900 feet above the base of the 
series ; about 1,000 feet higher up an ammonite almost identical with 
Stepkanoceras coronatum of the Kelloway was found by Dr. von 
Krafft, and above this, brachiopods occur in very large number. 

Much of this limestone was included by Dr. Stoliczka in his 
‘Mower Tagling limestone,'* which he believed to be of liassic age 
it is probable, however, that the uppermost beds are younger, probably 
middle Jurassic. The upper TagJing limestone which was said to 
occur only on the Baraktse range, where he found it on the Tagling 
and Parang passes, proves to be in reality a lower portion of his 
lower Tagling limestone, which^has been brought by an inversion above 
the higher beds of the same series, its age being probably liassic.. 
These beds are well seen on the saddle of the Parang La. 

A few fossils were collected from the Spiti shales, but they are 
not likely to add to our knowledge of the series^, 

Spiti shales, previous collections having been very large. 

Cretaceousj-^The Gieumal sandstone was examined in some 
detail by Dr. Krafft and many fossils, chiefly 
bivalves, collected. 

The overlying Chikkim limestone, which, in the neighbourhood 
of Chikkim, has yielded only Foraminiferm similar 
to those previously collected by Stoliczka^ in the 

Lingti valley, contains also Belemnites. 

In spite of careful search no fossils were found 
in the Chikkim shales. 


Gieumal sandstone. 


Chikkim limestone. 


Chikkim shales. 


Hundes and Rupshu. 

The route followed from Bashahr to Rupshu lay from Kurig, on 
the Para river, northwards over the hill-ranges to Parkyo, thence 
down again to the Para river near Kharak, where the river is with 
difficulty fordable, thence along the high ranges on the left side of 
the river, by the small village of Akse, to Chagya Sumdo. The 
southern portion of the area traversed consists entirely of mesozoie 

O z 
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rocks. Just north of Kurig the palaeozoic rocks are replaced by lower 
trias beds, dipping to the north and north-east. These are followed 
by the upper trias, and, at and near the village of Parkyo,by jurassic 
beds, with Spiti shales. North and north-west of Parkyo, along the 
right side of the Para river, the Spiti shales are found on the 
higher parts of the mountains, much of the great range between Spiti 
and Hundes being composed of younger mesozoic beds. Near 
Kharak, only upper trias beds occur, and these continue for many 
miles to the north, but are gradually replaced by older beds, till, at 
the boundary between Hundes and Rupshu, palaozoic rocks predo- 
minate, the trias being found only in the higher parts of the ranges. 
To the north of Kharak, just beyond the village of Akse, the rocks 
begin to show signs of metamorphism, which becomes more and more 
marked towards the north. The greater part of southern Rupshu 
is, as stated by Stoliczka, composed of metamorphic schists, which 
being as a rule completely devoid of any trace of fossils, had not 
hitherto been assigned to any definite geological period. The 
recent traverse through Hundes, and the examination of portions of 
Rupshu hitherto unvisited, has now rendered this possible, and they 
have been found to include both trias and palaeozoic beds. As a rule 
the whole of the carboniferous, permian and trias sptems as far as 
the base of the upper triassic coral limestone, consist of a series of 
calcareous or siliceous schists, slates and quartzites. Above the 
coral limestone the upper trias and succeeding systems, which, how- 
ever, are found only in the higher ranges, have been comparatively 
little altered, and can be identified by their fossils. The coral lime- 
stone forms a most valuable horizon, and throughout Southern 
Rupshu consists of a conspicuous white dolomite, in which the 
corals occur in abundance. Below this limestone, 
however, metamorphism has in almost all cases completely obli- 
terated all traces of fossils, but the main characters of the rocks have 
been sufficiently retained to render possible a correlation of the 
various systems. This correlation, based at first on lithological 
grounds, has been borne out by the subsequent discovery of fossils. 

The highest beds seen are the jurassic limestones found on the 
Parang La, and near Tatang encamping ground in 
ynrasne. y^lley ; these are underlain by the usual 

limestones (Dachsteinkalk) followed to the north by the upper trias, 
Trias. with the characteristic coral limestone. Under 
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these are limestones (often calcareous schists) and slates, representing 
the remainder of the trias ; fossils {Daonella) have been found in 
these beds in the Pankpo lungba (lungba-stream-, where the Dao- 
nella limestones and shales have been identified. 

Below the trias in the Para river section,- along the Spiti- 
Korzok road, hard slates (probably representing the productus shales) 
contain distorted fossils, chiefly Productus sp., and Spirifer musa^ 
kheylensis- below these slates are limestones and calcareous 
schists, part of which probably represent the calcareous (permian) 
sandstone, which occurs below the productus shales in Spiti ; in the 
Phirse river these limestones and shales are full of crinoid stems* 
They are underlain by the characteristic conglomerates, followed 
by a great series of slates, schists and quartzites, which is well seen 
along the road between Narbo Sumdo and Korzok. A little to 
the south of Korzok, the siliceous beds are underlain by calcareous 
schists and crystalline limestones, as already recorded by Mr, 
Oldham.* Thence to a point about 2\ miles north of Korzok the road 
skirts the shore of the lake (Tso Moriri) along which the section 
is composed first of limestones and calc schists as at Korzok, under- 
lain by limestones alternating with slates and quartzite, these in 
turn being underlain by more limestones. In this lowest series of 
limestones a bed was found containing remains of corals, strongly 
resembling a coral band which occurs near the middle of the upper 
Silurian limestones of Spiti and Bashahr. 

Below these limestones are slates or schists, gradually becoming 
garnetiferous, then felspathic, and passing gradually downwards 
through thin-bedded gneisses into the great system of gneiss and 
quartz-schist, which forms the precipitous ridge running from the 
head of Tso Moriri towards the north-west. 

There seems therefore little doubt that from the base of the trias 
down to this gneiss, the above sequence consists of the altered re- 
presentatives of the permian, carboniferous, and upper silurian sys- 
tems, as seen in Bashahr and lower Spiti, and it is possible that the 
underlying gneiss may represent the great quartzite series which 
occurs eleswhere below the upper silurian limestones and shales. 
Seen from a distance, the gneiss, which forms bold cliffs of a hard, 
apparently well-bedded rock, bears a striking resemblance to the 


» Rec., G. S. I., vol. XXI. 
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Silurian quartzite, but on closer examination it is found to consist of 
a,lternating beds of gneiss and partly schist. 

The gneiss, which is composed of quartz, orthoclase, muscovite 
and schSrl, with very fine ‘^augen" structure, has a distinctly bedded 
appearance, the “ beds ” which are about two feet thick being per- 
fectly even and continuous, while the intercalated bands of quartz 
schist intensify the sedimentary appearance of the system. Unfor- 
tunately the time available did not allow of anything more than a 
cursory examination, and the base of the series not being exposed, 
it is impossible to refer it at present to any known system. It is 
probable that a continuation of the survey towards the north-west 
would throw some light on the question, as in that direction the beds 
appear to be less metamorphosed than in the neighbourhood of Tso 
Idoriri, where intrusions of granite and of basic igneous rock are 
numerous. 


Igneous Rocks. 

From the great granite mass at the head of the Sutlej valley in 
Kanaur, an arm runs almost continuously through 
GramU. mountains lying to the north of the Para river 

in Hundes, into, and through Hanle and southern Rupshu. The 
beds traversed are partly of triassic, chiefly of carboniferous age. 
In southern Rupshu the essential minerals of the granite are quartz, 
orthoclase, biotite and a little muscovite, and the rock exactly re- 
sembles the granite of the Chandra valley between Spiti and Kulu, 
where, however, garnet occurs as an accessory mineral, and bands 
of coarse pegmatite with muscovite are very common. 

Basic rocks are numerous in Rupshu, where they are found 
intruded into the trias and carboniferous beds, 
Ba^c intrusion. ^^e Tso Moriri gneiss. They 

appear on a cursory examination to fall into two groups, a garnet- 
iferous and a non-garnetiferous. The former are found in the 
gneiss, while the latter— chiefly composed of basalts and dolerites— 
occur among the trias and carboniferous beds. Want of time un- 
fortunately precluded more than a very rapid examination of these 
rocks, and it is impossible to say whether the two groups have each 
a distinct origin ; but the fact that all the intrusive rocks found in 
the gneiss contained garnets, while no trace of garnets could be 
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found among the intrusives occurring in the trias and carboniferous 
beds, make it seem possible that the difference may be due to the 
rock into which they have been intruded. But the evidence being 
merely negative no conclusion can safely be drawn. 


Economic Minerals. 

Gypsum . — In addition to the localities already recorded by Mallet, 
gypsum occurs in large quantities in the upper beds of the lime* 
stone series on the ridge between the Lipak and Yulang (Yalung) 
rivers in Bashahr, and in the upper Gyundi valley in Spiti. 

Gold.—k\. Chagya Sumdo on the Rupshu-Hundes border several 
pits have been sunk in the sub-recent deposits on the left bank of 
the Para river. Alluvial gold is said to have been obtained here in 
small quantities by the Tibetans, but the mines have not been worked 
for some fifteen or sixteen years. I washed a few pounds of material 
from the neighbouring stream but found no gold. 


Stratigraphical notes on the Mesozoic rocks of Spiti, by Dr. A. von 
Krafft, Geological Survey of India. 


The following is a preliminary account of the triassic rocks 
of Spiti. It embodies the stratigraphical results obtained by 
Mr. Hayden and myself during the summer of 1899, as well as the 
results of an examination of our collections. The largest number 
of the lower trias cephalopoda, recently collected in Spiti, has been 
described and worked out in full detail. The rest of the collections 
were examined as far as they appeared to be of stratigraphical 
importance. 
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The trias has been studied by me especially in the sections near 
Lilang on the Lingti river. 

Lower trias. Sequence The lower-triassic sequence seen about 
at Lilang. miles north of Lilang on the left bank of 

the Lingti river, is as follows : — 

(i) The Otoceras beds begin with a rusty brown, ferruginous 
layer of i to 5 inches in tiiickness, which has yielded only 
one badly preserved specimen, probably belonging to the 
genus 


Ophiceras. 

Then follows a sandy brown weathering limestone of i foot 7 
inches, without fossils, overlaid by 

(2) a limestone bed of i foot 5 inches, which most likely repre- 

sents the '^Main layer of Otoceras vioodwardV^ of the 
Shalshal cliff section (Pal, Indica, ser. XV, vol. II, pt. i, p. 3), 
This bed is full of Ophiceras sakuntala^ Dien., and other 
species of Ophiceras ; it further contains 
Meckoceras varaha^ Dien. 

,) cj. boreale^ Dien. 

„ nova sp. (two different species), 

Danuhites radians^ Waag. var. 

Pseudomonotis grieshachi^ Bitt. 

Otoceras has not been found in this bed at Lilang. It appears to 
be very rare in Spiti. 

(3) Then follows a series of thin, black, concretionary lime- 

stone beds, alternating with thin shaly d^^s, togfeth^e^ 
3 feet thick. The prominent genus in these beds is Meeho^ 
ceras. The species represented are — 

Meekoceras var aka ^ Dien. 

„ cf Hodgsoni^ Dien, 

as well as seven new species, one of which is already present in bed 
a (see above). Of the six other new MeekoceraSy one represents 
the group of smooth forms classified by Prof. Waagen with his 
genus GyroniteSysXihoMghii is not perfectly identical with any of the 
Salt Range species. Another new species is allied — although not 
very closely — ^to Aspidites^* discuSy'^^.^.g.J from the middle ceratite 
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sandstone. A third is no doubt the direct ancestor of Aspidites^^ 
superhuSy Waag., occurring in the upper division of the lower trias • 
of the Himalayas Subrobustus beds/^ Diener^)and in the upper 
region of the ceratite sandstones of the Salt Range. 

As to the rest of the new species of Meekoceras no affinities to 
described forms can be recognized. 

Besides these new species there must be mentioned a form very 
close allied to the Arctic “ Xenodiscus schmzdit) E, v. Mojs. (Arkti- 
scheTriasfaunen, plxi, fig. 11) and a form most probably identical 
with Meekoceras pulchfuniy Waag., from the ceratite marls of the 
Salt Range. There have further to be recorded — 

Propty chiles ammonoideSy Waag. 

„ sp. aff, laiifimbriatOy Waag. 

„ Matkhamif Dien. 

Clypites nova sp. 

Nautilus cf brahmanicusy Griesb. 

(4) The beds ’^x^MeekoceraSy ProptychiteSy etc., are overlaid by 
. shales, 10 inches in thickness, followed by grey, shaly lime- 
stones, 7 inches, with a few fossils, which in their preser- 
vation are exactly like those of the upper division of the 
lower trias. No determinable ammonites have been ob- 
tained, one fragment, however, probably belonging to 
FlemingiteSy another apparently to Clipites, Higher up 
follow brown weathering limestones, with very thin shaly 
partings without fossils. The whole thickness of the beds 
between the topmost Otoceras beds (3 above) and the 
limestones with Hedenstrosmia mojsisovicsiy Dien., etc., 
(below), amounts to 4 feet 8 inches. Nothing definite can 
be said as to whether those few beds belong palseonto- 
logically to the overlying series, as might be supposed 
from their lithological aspect. 

(5) The upper division of the lower trias is represented by a 

nodular limestone with very thin shaly partings, altogether 
5 feet 7 inches thick. At Lilang ammo nites aire rather scarce 
and only the following few forms can be mentioned 
Danubites nivaliSy Dien. 

„ cf ellipticusy Dien. 

Hedenstrestnia mojsisovicsiy Dien. 

^ For reasons to be given below, the term Subrobustus beds ” is no longer appropriate. 
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Flemtngiles cf. sp. ind. esc. aff. trilobato^ Dien. 
Pseudosageceras'^ nov-. sp. 

(6) In the following group of beds, of 30 feet thickness, which 

consists of grey shaly limestones and grey shales, alter- 
nating very regularly, fossils are extremely rare, and very 
badly preserved. The series must, however, be included 
in the upper division of the lower trias, 

(7) The next series consists of a nodular limestone of 60 feet 

thickness, again very poor in fossils. It most probably 
belongs, at least partly, to the lower muschelkalk. The 
nodular limestone is overlaid by black limestones, containing 
the lower muschelkalk cephalopod fauna, described by 
Prof. Diener from the Chitichun area. 


The Otoceras beds are in Spiti much thinner than in Pain- 
. , „ . khanda.® The thickness of unfossiliferous 

Contp orison wikPain'^ , , , . » i- . • f , 

khanda i^Shtihhal cliff beds between both divisions of the lower trias 
is very inconsiderable in Spiti, as limestones, 
very rich in Meekoceras are present between the “ main layer of 
Otoceras Tiooodwardz*^ and the upper division of the lower trias. 
The lower trias is separated from the fossiliferous lower muschelkalk 
by a thick nodular limestone, probably of lower muschelkalk age, 
which is not recorded from other parts of the central Himalayas. 

Prof. Diener correlated the main layer of Otoceras woodwardi** 
c- unfossiliferous shales and sandstones 

°'^'^Range. ^ at the base of the lower ceratite limestone 

of the Salt Range. At the same time he considers the unfossiliferous 
beds, present in the middle of the lower trias of Painkhanda, equi- 
valent to the lower ceratite limestone and the ceratite marls. 

The researches in Spiti have led to a different result. As stated 
above, there is only a very inconsiderable thickness of practically 
unfossiliferous beds between the two divisions of the lower trias. 
Therefore these cannot possibly be of very different age. More- 
over, palaeontological evidence tells against Prof. Diener's corxela- 
tiour The question will only be discussed very shortly here, but I 
hope to be able before long to give a full palaeontological account of 


^ The g^eaus Pseicdosageeercts, created by Prof. Diener, had so far only been known from 
Eastern Siberia (Mdmoiradu Comitd G^ologiqne St. Petersburg, vol. XII, No. 3, 189s). 

3 See Griesbach, Mleno. XXlll, pp. 144 to 147, Diener, Denkschriften d. k. Akadcmie der 
Wissenschaften, Vienna^ 1895, p. 582, and Pal. Ind., l.c., p. 3* 
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the fauna of the lower trias of Spiti, and its relation to the lower 
trias of the Salt Range. 

For the present the following might be mentioned 

Several ammonites recently collected from the otoceras beds 
of Spiti are either identical with, or very closely allied to forms from 
the ceratite marls of the Salt Range, vis . ; — 

Proptychites ammonotdes, Waag. 

„ sp. aff. latifim briattus^ Waag. 

Meekoceras cf, pulchrum^ Waag. 

Here also Meekoceras varaha^ Dien., has to be mentioned, which 
proved to be of closer affinity to ^^kin^ites ** lens, Waag., of the ceratite 
marls, than was hitherto admitted oy Prof. Dien.^ 

The following three species are identical with, or very intimately 
related to forms described from the lower region of the ceratite 
sandstone of the Salt Range, vis . : — 

Danulites radians, Waag. sp, 

„ rotula, Waag. sp. 

Meekoceras aff. radiosum, Waag. 

The specimen mentioned above as Danuhites radians, Waagen, 
was recorded in last year's General Report as a new species, 
because it differs slightly from D. radians by having a somewhat 
flattened external part. A closer examination has, however, con- 
vinced me that it cannot specifically be separated from the Salt 
Range species. A probably older variety of this species, with very 
sharp marginal edges occurs at Lilangin a bed, which I believe to be 
equivalent to the main layer of Otoceras woodwardV' of the 
Shalshal cliff section. 

The palaeontological evidence recorded above leads to the 
conclusion that the Otoceras beds are equivalent to the ceratite 
marls, and the lower ceratite sandstones of the Salt Range. ^ 

So far there is no decisive proof that the lower ceratite limestone 
is also represented in the Otoceras beds, although this is very 
probable for stratigraphical reasons. This is also indicated by 
certain faunistic affinities already recognized by Professor Diener 
(Pal.Ind., 1 . c., p. 176). 


1 Pal. Ind , Ser, XV, Vol. II, Pt. i, p. 144. 
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The upper division of the lower trias has been correlated by 
Professor Diener with the whole ceratite sandstones of the Salt 
Range.^ From what has been said above, it appears much more 
probable that the upper division of the lower trias of the Himalayas 
corresponds only to the two higher divisions of the ceratite sand- 
stones, vis^i the Stachella beds and the Flemingiies flemingianus 
beds, This also agrees better with Professor Diener's own results. 
Of the eight species from the upper part of the lower trias, which 
he mentions as being either intimately connected or probably 
identical with Salt Range species, he refers five to forms occurring 
in the middle and upper stage of the ceratite sandstones. He 
compares one with a species of the passage beds between the 
ceratite sandstones and the upper ceratite limestone, another to 
a species of the upper ceratite limestone. Only a single species is 
referred to a form known from the lower ceratite sandstones.® 

The lower trias of the Salt Range and the Himalayas will 

therefore have to be correlated as follows * 

•Salt Range. Himalayas. 

jslaStr 

i , , c o \ ower trias. 

I, Lower stage of C. S. J 

Ceratite marls 


Ceratite sandstones 


Lower ceratite limestone] 


Otoceras beds. 


One of the most interesting results of the stratigraphical re- 
r z. searches in Spiti consists undoubtedly in the 

Loix>er Muschelkalk, . r , ^ 


Fauna of the ** Middle^ 
miss cra^ ” ^ Hundes 

discovered in Spiti, 


discovery in several localities of the lower 
muschelkalk cephalopod fauna, which was des- 
cribed by Professor Diener chiefly from the 


eastern slope of the limestone crag Chitichun No. i north-west of 
Lochambelkichak encamping ground in Hundes.® 

This fauna was discovered by Mr. Middlemiss in a few blocks 
of red limestone, imbedded in Spiti shales, under conditions which 
did not allow of its stratigraphical position being ascertained. The 
fossils were chiefly derived from red crinoid limestone layers, 
intercalated in red, and red and white coloured limestone. No 
stratigraphical evidence being available, the age of this fauna had to 
be decided by its fossils contents only. The result arrived at by 
Professor Diener was, that it must belong to the lower muschelkalk. 


1 Pal. Ind., Sen XV, Vol. II, Pt. i, 1. c. p. 177* 

a Pal. Ind., Sen XV, Vol. II, Pt. i, 1. c. pp. 175* «77 and Waagen, Fossils of the ceratite 
formation. 

» Pal. Ind., Scr. XV, Vol. H, Pt. a, pp. loi to 108, PI. XXIX to XXXI. 
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This fauna was found in Spiti at the base of the beds with 
Spirt/ erina stracheyi. Thus the view expressed by Professor Diener 
as to their age is proved to be correct. The limestone in which the 
fossils are imbedded is of a character different from that of the 
crags of Chitichun, being black, very hard and tough limestone. 

We have seen above that the lower trias ends at Lilang with 
a nodular limestone of 6o feet thickness, which in all probability 
belongs partly to the lower muschelkalk. On top of this limestone 
follow : — 

1. Six thin layers of hard, grey, partly concretionary limestone, 

together of 3 feet 2 inches thickness, which yielded no fossils. 

2. This sequence is again overlaid by a band of hard, dark 

grey, very tough limestone, only 4 inch thick, which yielded 
a comparatively large number of ammonites. Commonest 
amongst them is a new species of — 

Hungarites^ 

distinguished by very indistinct marginal edges. Another species, 
which is rather common, though obtainable in fragments only, is 

Ceratites subrobustus^ Mojs. 

The specimens are perfectly identical with Professor Diener’s 
type specimen as far as their sutures are concerned. They differ 
somewhat in sculpture, but the differences are not more considerable 
than between the specimen from Rimkin Paiar and the figures in 
Mojsisovics's “ Arktische Trias Fauna.’^ 

The genus Monophyllifes also plays an important r 61 e, and most 
of the species may be identified with species from Chitichun, or are 
closely related to forms described from Tibet. They are the follow- 
ing : — 

Monophyllites confucii, Dien, 

„ piiamaha „ 

„ aff. Kingi. „ 

„ „ hara, ,, 

„ sp. group of M. Suessi^ Mojs. 

Another characteristic and common species of these beds is 
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Sibirites prahlada^ Dien. 

described from the beds with Spiriferina stracheyi^ Salter (see 
below). Besides this, there occur — 

Gymnites ugra^ Dien. 

DanuUtes kansa^ Dien. 

both known from Chitichun, and a new species of 

Prosphingiies. 

3. On top of this thin band with ammonites of lower muschel- 
kalk age, lies a thin limestone bed (3 inch) with a fragment of 
Spiriferina sp. and 

4* Immediately overlying the latter is a bed of 4 inches, with — 
Spiriferina stracheyi^ Salter. 

Spifigera {Aihyris) stoliczkat^ Bitt. 

Terehratula {Dielasma) himalayana^ Bitt. 
Rhynchonella mutabilis^ Stol. 

and other brachiopoda. 

5. Two grey, concretionary limestone beds, 3 inches each, with 
brachiopoda, which have not yet been specifically determined in detail, 
and 

6. Two beds of grey limestone, together of 16 inches, both 
containing 

Xenaspis, nov. sp. 

and a species of Ceraiites^ very similar to Ceratites ravana^ Dien. 

7. Immediately above this bed follows the well known Himalayan 
upper muschelkalk, with its rich fauna of cephalopoda. Shales are 
everywhere intercalated between the limestones, but decrease more 
and more in thickness towards the top. 

This same limestone is in situ at also several other localities, 
vis.i 2 miles below Tangachenmo encamping ground, Gyundi river 
and in the Thanam valley ; north-west of Lilang on the right bank of 
the Lingti river. At Muth a very good specimen of Ceratites subro- 
bustus was found in a shaly layer in the immediate vicinity of (pro- 
bably below) the beds with Spiriferina stracheyL 

From the Gyundi river there have to be mentioned — 

Danubites kansa^ Dien. 

Gymnites ugra^ Dien. 

and several new species of Gymnites and Ceratites. 
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The ammonites collected north-west of Lilang are— 

Ceratites subrobustuSf Mojs. 

Sibirites prahlada^ Dien. 

Monophyllites pit amaha^ Dien. 

„ aff. kara.^ Dien. 

„ ,, kingUt Dien. 

„ nov. sp. group of Monoph, Suessi^ 

Mojs. 

„ Hungarites nov, sp. 

The small collection from the Thanam valley has not been 
examined, in detail, but the presence of Monophylliies was as- 
certained. 

Prof. Diener divided the lower trias into two stages. He 

Term Subrohtisius named the upper one ^^Subrobustus beds, as 

h»,er appro, obtained from its topmost bed 1 Ceratiies 
subrobustus along with Ftemingiies rohilla? The term “subro- 
bustus beds ” is, however, no longer appropriate, because CeraHtes 
subrobustus occurs also higher up in the lower muschelkallc. 
This term had therefore best be discarded altogether as otherwise 
it might lead to misinterpretation, 

Sibirites prahlada, Dien., was recorded by Professor Diener to 
„ o... .. occur in the limestones with Spiriferina 

** Horizon of SthirtUs 1 j.i_ u i.* j 

f^ahiadaf* Dien., not stracheyt. Consequently these brachiopod- 
beds were termed the ‘‘horizon of Sibirites 
eyi, Salter. prahlada? This is not in accordance with my 

own observations, as I found Sibirites prahlada in beds underlying, 
but never in the limestone with Spiriferina stracheyt (see above), 
Prdfessor Diener recently informed me by letter, that he had not 
collected Spiriferina stracheyi along with Sibirites prahlada^ 
In the Shalshall cliff section, where he found Sibirites prahlada, 
no brachiopoda were found with it, while the brachiopoda mentioned 
by him were derived from a second locality further down the valley. 

Thus there is no proof that Sibirites prahlada and Spiriferina 
stracheyi occur together, and we have to distinguish between 
cephalopod beds with ammonites of lower muschelkalk age and the 

1 Pal, Ind., Ser. XV, vol. II, pt. i, p. 32 » 

^ Communicated by letter. 

» Pal. Ind., Ser. XV, Vol. II, pt. I, pp. 3»nd 5 » Denkschriftcn d. k. Akad. d. 
Wissenschaften, Vienna, 1895, p. 571. 
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brachiopod beds with Spiriferina strackeyi, in which so far no 

ammonites have been discovered. 

Above the muschelkalk follows a group of limestones, which can 

be subdivided into 

4. Hard, black, splintery limestone, somewhat bituminous, 
with calcite veins, weathering greyish brown, intercalated 
with shaly limestones in layers of one to three feet.— 

Halobia cf comata, Bitt. 

„ ef. fascigera „ 

Representing part of the “ Horizon of Halobia feet. 

comata," Bitt. 

3. Black limestones as 4, intercalated with shales. 

Very large Arcestes sp. . • • * 25 

2. Hard, black limestone as 4. 

Daonella cf, commeli, Waag. . • • *45 

I. Series of thin-bedded, black, shaly limestones 
and earthy shales, with some hard, black, 
brown weathering limestone beds . .160 

Towards the base rich in Cephalopoda (see below). 
Daonella indica, Bitt. 

„ commeli, Waag. 


Horizon of Daonella indica, Bitt. 

The most important of these four stages is the lowest one. 
This will have to be dealt with in detail since our researches have 
led to an entirely different result as to the age of this stage. 

Professor Diener observed a crinoid limestone (Traumatocrinus 
limestone) in the Shalshal cliff nection above the upper muschelkalk, 
from which he collected a number of ammonites which Mojsisovics 
declares to belong to his “ Aonoides zone.” Thence these observers 
assume that the upper muschelkalk is directly overlaid by deposits 
of upper carnic age, and also they believe that the ladinic and lower 
carnic stages are absent. It is very important to emphasize that this 
assumption of a break in this section is by no means supported by the 
geological evidence. Professor Diener himself, when examining the 
Traumatocrinus limestone, took it to be a division of the muschelkalk 
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as it appeared to be perfectly conformable upon the Ptychites beds 
and to be stratigraphically intimately connected with them/' ^ 

In Spiti we have observed nothing which could be interpreted as 
a break in the sequence of triassic beds. 
No break in the succes- Moreover the examination of the fossils collected 
beds in muschelkalk and its overlying beds^ 

futty proved with certainty that such a break 

ascertained. cannot possibly exist. The material collected 

in various localities has been worked out suf5- 
ciently in detail to decide this question. 

There are altogether four points which prove that ladinic 
deposits do exist in Spiti. 

a. Four species of ammonites and one of Spirigera are common 
to both the upper muschelkalk and the beds with Daonella indica^ 

Proarcestes hicinctus^ E. v. Mojs. 

Ptychites gerardiy Blanf. 

Hungarites nitiensisy E. v. Mojs. 

„ nov. sp. 

Spirifera hunicdy Bitt, 

Proarcestes bicinctus has been described from the upper 
muschelkalk of Spiti. Last year it was collected by us at Raga in 
Spiti, from a limestone bed with Monophylliies sp, ind, group of M* 
sphmrophyllusy Ptychites gerardi and Ptychites asura^ Dien. The 
same species was also obtained at Ranna in the Thanam valley, 
and in another locality in the Thanam valley by Mr. Hayden, and 
south-east of Muth by us both. In all these last mentioned localities 
it was found to be abundant in the topmost bed of the upper 
muschelkalk, being associated with Sturia Sansoviniiy Mojs., 
Proarcestes balfourty 0pp., Ptychites gerardiy Blanf., and other 
characteristic species of the upper muschelkalk. 

But Proarcestes bicuictus is also quite as common in the beds 
with Daonella indica^ Bitt, I have collected numerous specimens 
from the beds north of Po, 

Ptychites Gerardi^ Blanf., has long been known as a typical fossil 
of the Himalayan muschelkalk. However, this species is not con- 
fined to the muschelkalk, but, like Proarcestes bicinctus^ reaches up 

1 Denkschriften der k. Akademie der Wissenschaften, Viennoy 1895^ p. 547* Pal. Ind.,- 
S«r. XV, Vol. Ill, Pt, I , pp. i 27 » 138 , and 135. 
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into the beds with Daonella indica. E. v. Mojsisovics in his recent 
Memoir on the cephalopoda of the upper trias of the Himalayas (Pal* 
Indica, Ser. XV, Vol. Ill, Pt. i, p. 117, PI, XIX, figs. 8 and 9) described 
from the black limestone, facing the Ralphu glacier, regarded as equi^ 
valent to the Traumatocrinus limestone of Rimkin Paiar, a species 
which he names Ptychites posthumus. This species in my opinion is 
identical with the well-known muschelkalk Ptychites gerardi^ 

Blanf. This is clear from the shape of the shell and from the suture 
lines. The latter show the same semicircular arrangement as in 
Ptychites Gerardi^ and also a bipartite second lateral, and first 
auxiliary saddle. It must be remarked that the figure of the sutural 
line of Ptychites posthumus in E. v. Mojsisovics’s Memoir is not 
quite correct, as the median incision of the second lateral saddle 
is not represented deep enough, while the branches of the first 
auxiliary saddle are drawn too slender. In reality these two 
saddles are of almost equal size in the type-specimen, which I 
have re-examined. I collected two small specimens of Ptychites 
identical with Ptychites posthumus s= Ptychites Gerardi^ Blanf,, 
from the beds with Daonella indica north of Po. 

Hungarites nitiemis^ Mojs., had so far only been known 
from the crinoid limestone of Rimkin Paiar, and from beds of 
unknown age of the Niti pass. This species was found by Mr. 
Hayden in the Thanam valley, in beds immediately overlying the 
muschelkalk. But we also collected it from the muschelkalk of 
Kaga. The identity of the species could be fully established, thanks 
to the fortunate fact that I was able to compare it with the type- 
specimen from Rimkin Paiar. The Hungarites nov. spec, mentioned 
above, is a very characteristic species, having transverse folds of a 
most distinct falciform bend as in Harppceras^ but it bears no 
resemblance to any of the Alpine species. It occurs in the 
muschelkalk of Kaga, in the topmost bed of the muschelkalk at 
Banna encamping ground, Thanam valley, and in the ladinic beds 
immediately overlying the topmost muschelkalk in another locality 
in the Thanam valley (collected by Mr. Hayden). 

Spirigera hunica, Bitt., was described from the beds with 
Daonella indica from the Shal-Shal section and other localities. 
It has also been found in Spiti (north of Po, west of Lilang) in these 
beds, but the same species occurs in the topmost beds of the 
mttscbelkalk at Banna epcamping ground and south-east of Mqth, 
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Besides these five species, ranging from the muschelkalk into the 
beds with Daonella indica^ Arpadites stracheyi^ Mojs., has to be 
dealt with. 

This form is described and figured on page 58, of E, v. Mojs- 
isovics s recent publication, from a plaster cast of the original specie 
men collected by General Sir Richard Strachey on the Niti pass. It 
had formerly been figured by Salter and Blanford in the Palaeontology 
of Niti, pi. 8, fig. 3, E. V, Mojsisovics attributed this species to the 
ladinic stage, assuming that it was derived from beds homotarial to 
the Traumatocrinus limestone of Rimkin Paiar. On the topmost 
bed of the muschelkalk at Banna encamping ground Mr. Hayden 
collected several specimens of an Arpadites^ which in my opinion 
are identical with Arpadites stracheyi^ Mojs. They most strikingly 
recall the species from the Niti pass in general shape, especially 
by their obliquely elliptical outline. The external part agrees 
perfectly with the description given by Dr. v, Mojsisovics, as the mar- 
ginal edges are not yet visible at the beginning of the last volution, 
and become more and more distinct towards the anterior termination. 
Small, slightly curved, transverse folds are visible on the anterior half 
of the last whorl. The sutures on the whole correspond to the illus* 
tration in the Palaeontology of Niti, pi, 8, fig. 3 d. There is a very low 
siphonal tubercle (though slightly higher than in the figure), each 
branch of the siphonal lobe terminating in one point. The lateral 
lobes do not correspond to the figure in the minor details, their 
dentation being deeper and not quite as numerous. The saddles are 
more slender than in Salterns figure. Hut the number of lobes and 
saddles agrees with the figure, and as for the differences mentioned, 
they might well be due to incorrect drawing. The sides of the 
chambered part of the Spiti specimens are covered with short, rather 
strong, radial folds, which only become weaker and falciform 
towards the anterior termination. Such folds are not visible in the 
figure of the plaster cast in Mojsisovics's Memoir, but they are 
indicated in Salter's figure pi. 8, fig. 3a. Owing to the insufficient 
knowledge of the specific characters of Arpadites stracheyi^ the 
identity of the Spiti specimens with those from the Niti pass cannot 
be fully ascertained, but it is at least highly probable that this 
species also occurs in the uppermost beds of the muschelkalk. 

h. Besides the forms, which are identical with upper muschelkalk 
species, one new species, which is closely allied to a muschelkalk 

p 3 
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species, must be mentioned from the beds with Daonella tndtca^ vts.: 

Ceratites nov. sp, aff% Cer. Himalayanus^ Blanf.— It is only distin- 
guished by more complicated sutures and a wider umbilicus, as the 
involution takes place outside the spiral row of lateral tubercles 
(north of Po and Thanam valley). 

c. Four species recently collected from the beds with Daonella 
indica are either identical with, or closely allied to European 
forms from deposits of ladinic age, namely : — 

Gy mn ties ech) E. v. Mojs. 

Hungarites aff. mofsisovicsi^ Boeckh, 

Trachyceras archelauSy Laube. 

Trachyceras aff. ladinum, E. v. Mojs. 

Daonella Lommeli, Wiss., collected years ago by Mr. Griesbach 
south-east of Muth, must be added to these forms. The occurrence 
of this species has already been pointed out by Dr, A. Bittner as an 
indication that ladinic deposits might be present in the trias of 
Spiti.^ As to Gymnites ecki^ E. v. Mojs., although the sutures could 
not be compared in detail with those of European specimens, the 
specific identity may be said to be indisputable ; north of Po. 

Hungarites aff* tnojsisovicsi^ Boeckh, is very similar to the 
European form, but here again the sutures cannot be compared in 
detail. The only specimen obtained north of Po is smaller than 
the two specimens figured in E, v. Mojsisovics's “ Cephalopoden der 
Mediterranen Triasprovinz.''^ It has a diameter of 46 mm. and is 
distinguished from the Hungarian forms by a less prominent median 
keel and a slightly more pronounced falciform bend of the transverse 
folds. 

The forms mentioned as Trachyceras ladinum^ E. v. Mojs., can- 
not be distinguished from the Alpine species, corresponding as they 
do completely in the arrangement and number of the spiral rows of 
tubercles. The marginal thorns are perhaps somewhat more pro- 
nounced, but the difference is too slight to be of any importance. 
Found north of Po. 

Trachyceras aff. archelaus^ Laube, is very closely allied to the 
European species, to which it corresponds in its general shape 
and in the number of spiral rows of tubercles. Thanam valley, 


1 Jahibuch dcr Gcol. Rdichsanst., Vienoai i899» P« <595* 
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Colin. Hayden; North of Po, 

Daonella lontmelt, Wiss., had, as above mentioned, already 
been known from Spiti. We found Daonella lommeli even more 
common than Daonella indica and obtained a considerable number 
of specimens from various localities. 

d. Besides the palaeontological evidence recorded above, the 
following fact tells against the assumption of a break in the succes- 
sion of beds. In several sections in Spiti we collected the true 
Joannties cymhiformis^ Wulf., along with a species closely 
related to Trachyceras aonoides in beds, situated from 400 to 
450 feet above the upper muschelkalk (see below). 

This will suffice to show that, so far as Spiti is concerned, there 
is no doubt that the ladinic stage is well developed. Dr. Bittner 
was therefore perfectly right in this point, although his surmise 
that the ladinic stage might be represented in Spiti was founded only 
on the occurrence of Daonella lommelu In Spiti the passage from 
the muschelkalk into the ladinic is palaeontologically such a gradual 
one, that, were it not for a lithological change, it would be difficult 
to define the horizons. 

We have now to consider whether the arguments brought for- 
ward in favour of a break in the Shal-Shal cliff section hold good. 

Age of the Trauma. Traumatocrinus limestone of Rimkin 

limestone <f Paiar has been looked upon as upper ladinic, 

principally because the following two species 
of ammonites occur in it: 


Trachyceras tiheticunif E. v. Mojs. 

" yoattniies aff, cymhiformis, Wulf.” 

The accuracy of the determination of the latter species is 
extremely doubtful. Of the two specimens, which chiefly served for 
description, the smaller one (pi. XX, fig. 3, E. v. Mojsisovics, 
Pal, Ind., Sen XV, vol. Ill, pt. 1) has only six saddles 
outside the umbilical margin, while Joannites cymhiformis 
has eight. The second and the larger specimen, the sutures 
of which have been figured on pi. XX, fig. 4, 1. c., is disting- 
uished from foannites cymhiformis, Wulf., by the entire absence of 
varices. This fact was noticed, but apparently deemed unimportant 
by E. V. Mojsisovics (page loi 1. c.). Species similar to Joannites 
cymhiformis occur already in the muschelkalk. At Kaga two small 
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specimens were collected by Mr. Hayden in 18981 and mentioned 
in last year’s Annual Report, page 16, as Joannites aff. diffissus, 
Hauer. But Prof. Diener, to whom they had been sent for examin- 
ation, determined them as probably Joannites cymbtformts^ Wulf. 
It is therefore quite natural that similar forms should also be present 
in the ladinic beds. However, it must be borne in mind that none of 
the muschelkalk and ladinic types are actually identical with the true 
Joannites cymhiforrnis, which species, as already mentioned, occurs 
from 400 to 450 feet above the muschelkalk. 

Trachyceras tibeticum^ E. v. Mojs., which has not been found 
yet in Spiti, is no doubt closely allied to the carnic Trachyceras 
ausiriacumy as has been stated by E. v. Mojsisovics. It differs in 
having simpler sutures and in the characters of the external part. 
Dr. V. Mojsisovics himself considers Track, tibeticum a new species, 
or if not, a variety of the Alpine Track, austrtacum. This being 
the case, I do not see why its occurrence in the Traumatocrinus 
limestone should not be explained more naturally by assuming that 
an older variety of the carnic Trachyceras austriacum of Europe 
appears in the Himalayas already in ladinic deposits. 

Certainly, the evidence brought forward in favour of the correla- 
tion of the Traumatocrinus limestone with the upper carnic of the 
Alps is not a convincing one, and there is so far, not sufficient reason 
for supposing that in Painkhanda the ladinic stage, so well devel- 
oped in Spiti, should be wanting. 

As to the remainder of the argument, subdivided above into four 
different parts, the following may be noted. 

The hard, black, splintery limestones No. 2 yielded among other 
Thickness of ladinic fossils a fragment of Daonella cf, lommeli^ Wiss., 
derived from the base of the upper third of this 
limestone mass. I therefore include the black limestone No. 2 with 
the ladinic. This stage thus has a thickness of approximately 300 
feet. 

At Ruling we discovered a great many specimens of Daonella 
lommeli in shaly beds alternating with dark, splintery limestones. 
Among these there are unusually large specimens, measuring about 
100 mm. from the umbo to the opposite margin of the shell. As the 
beds, from which we collected, were vertical, their stratigraphical 
position could not be ascertained. My opinion is that they belong 
either to No. i or No. 2 of the above sub-division. There is certainly 
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too reason to suppose these beds equivalent to No. 3 or No. 4> as ill 
spite of careful search in undisturbed beds opposite Lilang I have 
never met with a Daonella lommeli higher up than in the upper third 
of series No. 2. 

On the other hand series 4 yielded two specimens of Halobia^ 
Horiton 0f Halohia which should in all probability be referred to 
eomafa, Bitk Halobia fascigera, Bitt., and Halohia comata, 

Bitt. 

No. 4 therefore corresponds to part of the “horizon of Halohta 
tomatSi' Bittner, which according to this author represents or at least 
includes the equivalents of the Alpine Lunz-Raibler beds.i 

Above the series of black limestones, recorded above, thick 
grey, earthy shales, in which grey, shaly limestones of various thick- 
nesses are intercalated throughout Spiti. The series is of so 
uniform a character, that it can hardly he subdivided, unless in a very 
detailed fashion. However the following three divisions may bd 
distinguished-^ 

3. Grey, shaly limestones, alternating with calcareous, earthy 
shales. 

3, Thin-bedded, shaly grey limestones about 20 feet. 

I. Grey earthy shales, with numerous thin shaly limestone beds* 
The thickness of this series amounts to at least 500 feet, the 
thin-bedded limestone 2 keeping about the middle of the system. 

As to fossil contents two fossiliferous horizons maybe mentioned. 
The lower one situated at the very base of the series, lying imme- 
diately on the topmost hard splintery limestones referred to above. 
The upper fossiliferous horizon occurs in part 3 of this series and 
consists of limestones, rich in hrachipoda^ situated about 40 feet 
above the thin-bedded limestone No. 2. The lower fossil horizon is 
of considerable importance. Mr. Hayden first recognised that the 
grey, shaly beds at the base of this series contained specimens of 
Tra ’ckyceras, closely allied to Trachyceras aonoides, E. v. Mojs. His 
collections from these beds 4 miles west of Thabo 
Wul/. jn 1898 comprise the following species.*- 
yoannites cymbiformis^ Wulf. (3) 

Hauerites nov. sp. (i) 

> Pal ind , Ser. XV, Vol. Ill, Part *, p. 47 (in the pres*). 
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Trachyceras cf aonoides^ E. v. Mojat. (i) 

„ nov* sp. aff* ariae^ E. v. Mojs. (i) 

„ sp* ind. (several fragments). 

The only fossil of these collections, which could be identified with 
certainty, is Joanniles cyrnhiformis^ Wulf. As to Trachyceras cf 
aonoidesj it cannot be said to be perfectly identical with the 
European types, but so much is certain, that it resembles none of the 
European forms of Trachyceras as closely as it does Trachyceras 
aonoides. 

As to last year’s collections from the shales with Joannites 
cymhiformis^ the following discoveries were made . 

1. Several fragments of a small Trachyceras which in sculpture 
and transverse section strongly recall such forms as 
Trachyceras ariae^ E. v. Mojs. Gebirgeum Hallstadt,^’ 
pi. Clxxvi, fig. 3) or Trachyceras griseldis ( 1 . c. pi. 
Clxxviii, fig. i), collected at Banna encamping ground, 
Thanam valley, by Mr. Hayden. 

5, Crushed specimens of Trachyceras^ closely resembling in 
sculpture Trachyceras aonoides (north-north-west of 
Muth, Spiti, coll. Krafft, right bank of Lipak river, 
above Lipak encamping ground, coll. Hayden;. 

3. Joannites cymbiformis, Wulf (i spec.) same locality. The 

specimen isentirely chambered and measures 80 mm. in 
diameter, the last volution being 43 mm. high. There 
are three varices on the last volution. Number of saddles 
outside the umbilical margin eight, corresponding to 
those of Joannites cymbiformis. This species 
was collected by Mr. Ha)^den above Lipak E. G.; 
fragments of Joannites cf cymbiformis were obtained 
by him at Banna encamping ground ; west of Lilang, 
and between Poincrang and Mani. 

4. Drepanites nov. sp. ind. 4 miles west of Thabo ; coll. Krafft. 

5. Haueritesi\os,^\^, (fragment) Banna encamping ground; 

colln. Hayden, resembling the Noric Haiicritcs 
raristriatus, E. v. Mojs., but differing in its sutural 
lines. This species was collected by Mr. Hayden 4 
miles west of Thabo, 
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The second fossiliferoiis horizon of the system of grey beds was 

„ , , , discovered north-north-west of Lilang. With 

Brachtopod beds* , . r j 

the exception of one ammonite and some 

bivalves it yielded chiefly Brachiopoda* Of these only 

Spiriferina shahhalends^ Bitt. 

Rhynchonella lankana^ Bitt., and Biscina sp. 

could be identified with species described from the trias of the 
Himalayas.^ The bulk of the collections made, which comprise 
numerous well preserved specimens, belongs to species not recorded 
yet from the Himalayas. They have not yet been worked out in 
detail. 

The only ammonite collected from this horizon is a small speci- 
men very similar in its general shape, sculpture and the character of 
the external part, to the noric Disiichiies goebli^ E. v. Mojs. (Gebirge 
um Hallstadt, pi. CXLIX), but* distinguised by ceratitic sutures. 
The number of saddles and lobes is the same. 


Above the series of shaly beds just referred to is a sequence of 
beds which still keeps up to a considerable extent the lithological 
character of the underlying beds, but is richer in intercalated lime- 
stone layers. This series may be said to consist chiefly of three kinds 
of strata, vist. (i) black, splintery, thin-bedded limestones, mostly 
concretionary and with brown dolomitic patches, (2) light grey, 
shaly limestones, (3) grey crumbling shales. These three kinds of 
deposits alternate very regularly and acquire a thickness of frctai 600 
to 700 feet. This series is not very rich in fossils, and those 
that are present are either badly crushed or otherwise insufficiently 
preserved. About the middle of the series occur large bivalves 


and very small Brachiopoda^ which have not yet been worked out. 
Higher up, about 400 to 500 feet above the base of the series, a 
brown weathering, nodular limestone alternating with grey, crumb- 
ling shales, was observed, which has yielded cephalopoda of the 


Nodular limestone mth 
Tropiies, eic* 


genus and other genera. Unfortunately 

well preserved specimens are extremely rare. 
The collections recorded below were derived 


from the sections round Lilang and comprise the following species. 


» Bittner, Pal. Indica L c. 
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Tropiies cf. subbullaius^ v. Hauer 

(badly preserved specimens) 

Tropites cf discobullatus^ E. v. Mojs. 

The specimens are extremely like those on pi. CIV in E. v- 
Mojsisovics’s Gebirge um Hallstadt. The sculptufe on the external 
part of the last volution is identical with fig. i c, pL CIV, 
The sutures differ slightly. Whether this form is identical with the 
Tropites ind. cf, discobullatus^ described by Mojsisovics from 
Kalapani ^ is uncertain, the latter being too badly preserved for close 
comparison. 

Tropites {Paratropites) nov. sp, 

$9 ^f fusobullaius^ E. v. Mojs. 

„ cf iorquillus^ E. v. Mojs. 

very closely allied to the European species. 

Many indeterminable fragments of Tropites, 

Juvavites aff, bacchus^ E. v. Mojs. 

„ sp, ind. cf, y, bacchuSy E, v, Mojs. 

Sagenites sp, aff, crinaceuSf E. v. Mojs. 

„ n. sp, aff, herbichiy E. v. Mojs, 

Sandlingites n. sp. ind. 

Sirenites n. sp. ind. 

? Heraclites sp. ind. ; two different species, resembling 
Heraclitesy especially Heraclites belloniiy E. v, Mojs., in 
general shape and sculpture, but differing from Heraclites 
by ceratitic sutures. 

Clydonauiilus grieshachty E. v. Mojs. 

Nautilus sp,, three different species. 

There can be very little doubt that this limestone with Tropites 
corresponds to the Tropites limestone of Kalapani, which E. v. 
Mojsisovics considers to be homo-taxial to the subbullatus beds of 
Hallstadt. As the stratigraphical position of the Tropites lime- 
stone of Kalapani is not known exactly, ibis of considerable import- 
ance that the position of the Tropites beds has been fully 
established nevertheless. 

About 70 feet above the nodular limestone with Tropites, a few 
large specimens of Parajuvavites nov. sp. were collected from grey 
shaly limestones. These beds will have to be included in the 

^ Pal. Ind. I. c., p. 489 pi* XI, fig^ 7. 
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Tropites beds, as the same new species of Parafuvaviies probably 
occurs nt the latter ^ also. 

Clfdonautilus griesbachi-~\s, according to E. v. Mojsisovics the 
leading fossil of the “ Hauerites beds’'. In 
••Z^ of ClydcnauHl^ g . j t.^ced about 500 feet 

above the Tropites limestone (see below). I have 
never met with Clvdonautilus griesbacht in any other horizon but the 
Tropites limestone, where I collected a good specimen west of Lilang. 
It appears that this species ranges through a considerable thickness 
of beds. The zone of Clydonautilus griesbaehi’ introduced by 
E. V. Mojsisovics to replace Diener’s term Hauerites beis^ is very 
probably untenable. 

The uppermost beds of the series referred to above, gradually pass 
Into a mass, chiefly of dolomitic limestone. At its base this consists 
of biack, concretionary, hard limestone beds such as are found in the 
underlying beds. But it becomes greyer in colour and more and 
more dolomitic higher up, where it is very thickly bedded. The 
whole thickness of this limestone mass amounts to about 300 feet. 

A few bivalves and brachiopods were collected from this lime- 
stone. These were sent for determination to Dr. Bittner, as they 
appeared to be allied to characteristic alpine forms. As no answer 
has so far arrived from him, I am unfortunately unable to give any 
particulars about these fossils. 

According to Prof. Diener the Daonella beds, vie.^ the whole 
thickness of deposits included between the upper muschelkalk and 
the Hauerites beds amounts in Painkhanada and Johar to 600 to 
750 ft.s The beds which in Spiti correspond to Prof. Diener’s 
Daonella beds are much thicker, amounting to nearly 2,000 feet, 
or roughly three times the thickness of the latter. 

The thick, dolomitic limestone mass just referred to, is over- 
laid by a system, chiefly composed of brown weathering sandy 
and shaly limestones. In this series, which amounts to about 500 
feet, grey crumbling shales, alternating with brown limestones also 
occur in the upper half. Black, splintery limestones are met with 
near the base. About the middle of the series occur brown flaggy 

» Found loose in the Tropites beds, under conditions which make it very impiobable that 
it should have rolled down from higher beds* 

» Pal. Ind., Ser, XV, Vol. Ill, pt. I, p. 136. 

* Denkschriften 1 . c., p. 582. 
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sandstones, showing beautiful false-bedding and with indistinct plant 
remains. 

Amongst the fossil contents the following may be mentioned. I 

Beds -mth (?) Haueriies f specimen of Hauerites near the base 

ind,, JS, Ve Mojs, senes, at Chabrang, in brown weathering 

sandy limestones. This appears to be identical 
with the ? Hauerites n.f. ind. the sutures of which have been figured 
in E. V. Mojsisdvics’s recent Memoir. Along with this species occurs 
a very large Paratiieiites, closely allied to Paratibetites iornquisii, 
E. V. Mojs. It differs only slightly in the suture lines. Besides this, 
several specimens of Hauerites^ differing in sutures from that men- 
tioned above, brachiopoda and bivalves, vis., Mysidiopiera sp,, 
Avicula sp., Modiola sp., Anodontophora griesbachi, Bitt., a species 
of considerable vertical distribution. (See below and Bittner Pal. 
Ind. I.C., p. 6i.) 

Above the fossiliferous strata just described, beds with 
Beds ■aith jmarsiies, cephalapoda occur in the upper half 

eguwaieni to the of the system in all the sections e'xamined. 

‘i-'“ straHgr»pl,ical posWon, and 
to a certain extent owing to their palrnon* 
tological character, must be looked upon as the equivalents of the 
Halorites beds, Dien, 

By far the most prominent genus of these beds is Juvavites. 
Specimens of this genus are fairly common throughout Spiti 
although nowhere abundant. Among the forms collected there arc a 
few specimens belonging to the group of the ‘ continui ’ E. v. 
Mojsisovics and allied to Juvavites ehrlichi, E. v. Mojs.’ Other 
specimens, also few in number, belong to the group of the “ inter- 
mittentes ” and “ scissi," E, v. Mojsisovics But by far the greatest 
number is characterized by ribs crossing the external part with little, 
if any interruption ; they are at the same time very strongly bent 

forward a feature which distinguishes these specimens from all the 
species known from the Hallstadt limestone. Apart from this they 
exhibit the characters of the “ continui. ” 


sp. Mem. XXIII, p. ,4a, described by E. v. Mojsisovics. 1 . c., p. 24 dI VI slT , , 
Parajuvavitesfeistmanteli. P> * 4 , pl. VI., figs, i, 2, 3 as 
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Besides forms belonging to the genus Juvavites, the following 
species have to be mentioned : 

Paraitbetites tornquisii, E. v. Mojs. 

Tibetites cf ryallt\ E. v. Mojs. 

Anatibetites nov. ?sp, aff. kelvini- 

a very interesting species being distinguished from Anatibetites 
kelvini by incised saddles, while otherwise identical with it. 

Clionites af* hughesi^ E, v. Mojs. 

Dittmarites nov. sp. 

differing from Dittmarites hindei^ E. v. Mojs, by broader whorls 
and wider umabilicus, 

Pinacoceras sp. 

Phylloceras sp. ind. 

Pleuronautilus sp. aff tibeticus^ E. v. Mojs. 

It is a very strange fact that not one of these species can be 
said to be perfectly indentical with forms described from the Bam- 
banag section. The only species very closely allied to a described 
form is Paratibetites tornquistii E. v. Mojs, 

It is also strange that not a single specimen of Halorites so com- 
mon in the “ Halorites beds '' of the Bambanag 
’So Halorites discovered jn Spiti. Neither is the 

in Spiti. genus Parajuvavites present in our collections, 

from the beds I am referring to, although a few specimens have 
been found lower down in beds which I included in the tropites beds 
(see above). 

But for all that there can be little doubt that the beds with 
Juvavites must belong to pretty much the same horizon as the 
“ Halorites beds,*' Diener. For they are overlaid by a coral lime- 
stone, with Spiriferina griesbachi, Bitt., which may safely be corre- 
lated with the “ limestone with Spiriferina griesbachi of the eastern 
Himalayas. 

It appears from the above, that there is a remarkable faunistic 
difference between the Halorites beds ” of the more eastern Hima- 
layas, and their equivalents in Spiti, for which so far no explanation 
can be given. The facies of these beds in Spiti is rather unfavourable 
for the preservation of fossils. This no doubt accounts for the 
comparative scarcity of the fauna. 
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As mentioned before, the beds with Juvavites^ etc., are overlaid 
Local limestone ^iik ^ g^ey limestone mass of about I oo feet in 

SpinfeHnagneshachi, thickness. This is a true organigenic limestone, 
being composed almost entirely of fossil remains, among which 
eoralt and Bryozoa (?) are predominant. Besides this there are 
a few brachiopoda belonging to the species— 

Spiriferina griesbackiy Bitt., and 
(?) Rhynchonella bamhanagensiSf Bitt. 

This limestone is no doubt equivalent to the ^Mimestone with 
Spiriferina ^riesbachiy* Dien. 

The beds overlying the coral limestone are lithologically very 
similar to the beds below it. It is chiefly com- 
posed of brown ‘Weathering, sandy, and shaly 
limestones, often dolomitic, with brown weather- 
ing sandstones, calcareous shales, and dark grey, 
hard limestones with brown dolomitic patches. The thickness of 
this series is about 300 feet, Palaeontologically it is characterized 
by its richness in bivalves and brachiopoda, ammonites being 
extremely rare. The former must first of all be mentioned. 


Beds •aith MonoHs 
salinaria, Spiriferina 
griesbacki, etc*, equiva” 
lent to the ** Sagenites 
bedsf^ Dien, 


Monotis salinaria, Br, 

The discovery of this characteristic bivalve, which now for the first 
time is recorded from the Himalayas, is due to Mr. Hayden. He 
found it to be abundant between Mani and the Pin river on the 
right bank of the Spiti river. Later on I traced it also in a section 
east, above Lilang, but it is by no means so common there as near 
Mani. The layer of Monotis saltnaria is a light grey, somewhat 
shaly-limestone, situated east of Lilang about 200 feet above the coral 
limestone. It is particularly interesting to note that the mode of 
occurrence of M onoiis salinaria is exactly the same in Spiti as in 
the Pamir, where Ferdinand Stoliczka collected the species north»east 
of Ak Tash, 4 miles west of the Neza-Tash pass.* Indeed hand-speci- 
mens from Spiti can scarcely be distinguished from those of 
Stoliczka's collections, Other fossils of this series are— 

Anodontophora griesbacki, Bitt. 

Spiriferina griesbacki, Bitt. 

u StraHgraphie Central-Asieu j Denkschiifton iet k. Akademie d. Wiaiea- 

Mbaiteo, Vienna, 1894, p. 460. 
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Rhynchonella hambanagensisy Bitt 
Aulacothyris joharensis, Bitt. 

Spirigera dieneriy Bitt. 
Distichites nov, sp. (fragments.) 


Within this series, Spiriferina griesbachi was found in beds 
about 30 to 50 feet higher than the layer with Monotis salinaria. 
In the former horizon the . rest of the species above mentioned, 
except Spirigera Dieneriy also occur ; only one specimen of .this 
species was found north of the Manirang pass in a shaly bed, im- 
mediately above the coral limestone. 

The specimens of Spiriferina griesbachi of this stage are dis- 
tinguished from those of the coral limestone below, by their remark- 
able size. Bittner^ has already drawn attention to the close 
resemblance of Spiriferina griesbachi to Stoliczka^s Spiriferina 
tibetica and altivaga, described as carboniferous forms. He con- 
siders it ])robable that these three species are identical. This is no 
doubt the case. Stoliczka’s specimens cannot have been vcollected 
from the carboniferous, as nowhere in the true carboniferous of Spiti 
was found a brachiopod similar to Spiriferina griesbachi. 
Moreover, nowhere within many miles of Kibber, where Stoliczka 
found loose specimens of Spiriferina iibeticay do carboniferous 
rocks occur. On the other hand north of Kibber, near the Parang Li, 
Mr. Hayden observed the beds with Spiriferina griesbachi^ so that 
doubtlessly Stoliczka's loose specimens had come from these beds. 

The localities from which Spiriferina griesbachi have been 
obtained are very numerous, indeed in every section of upper Trias 
examined, the species was found to be abundant. 

As to ammonites, only fragments, apparently belonging to the 
genus Distichites^ have to be recorded. The genus Sagenites has 
not been traced in these beds. However, there can be no doubt that 
the series with Monotis salinariay Spiriferina griesbachi^ etc., 
corresponds to those beds of Painkhanda and Johar which have 
been termed ‘^Sagenites beds" by Prof, Diener. 


The beds Monotis salinaria and Spiriferina griesbachi, etc,, 


Series of quartjaiies, 
limestones and shales 
^iih Spiriferina pries* 
iachi, and Aular> 

folhyris foharensis, Bitl, 


are overlaid by a series, characterized by the 
occurrence of white and brown quartzites. It 
forms a most conspicuous horizon throughout 
Spiti, and is often perceptible at great 


1 Jahrbuch d. geol. HeichsapsUU, Vienna, p* Ogd. 
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distances as a white band. Generally three different layers of quart- 
zite can be distinguished, separated from each other in the lower part 
by limestones, but towards the top black, shaly beds are intercalated. 
The system varies rather in character. It will suffice to mention 
the sequence as observed near Lilang which is as follows 

6. Great thickness of black and grey, dolomitic lime- 
stone. 

4. Thick, brown quartzite. 

5. Black sandy shales, with Aulacothyris jokarensis^ 

Bitt., alternating with thin brown quartzite layers ; 
over 100 feet. 

3. Thin band of beautifully white quartzite. 

2. Dark grey, hard limestone, sandy or dolomitic, with 
brown dolomitic patches, and strange markings, 
probably representing sections of ? Megalodon 
or ? Dicerocardium, with Spirifcrina griesbachi, 
Bitt. Lima serraticosla, Bitt. ; about 200 feet. 

I. Brown quartzite, about 20 feet. 

Spiriferina grieshachi and Aulacothyris Joharensis 
reach up from the lower beds into this horizon. 


The beds above the quartzite series are of a very uniform 
lithological character. They consist of dolo- 
mitic, black or grey, somewhat earthy limc- 
stones mostly in thin beds. These, although 
acquiring a thickness of roughly 2,300 feet, do 
not change to any remarkable extent lithologically. With reference 
to this, I must, however, mention that about 400 feet above the 
quartzite series a white, dolomitic band of about 30 feet in thickness 
was observed in several sections. Frequently in these limestones 
red, dolomitic bands occur. Near Gieumal I observed about 80 
feet below the Spiti shales, a brown quartzite of about lo feet 
thickness. This may correspond to the conglomerate mentioned by 
Mr. Griesbach ^ as forming a contact bed between his upi)cr lias 
and the Spiti shales, north of the Niti pass. However, it must be 
emphatically remarked that no trace of an unconformability can be 
observed. There is every evidence that the passage from tins lime*’ 
stone sequence into the Spiti shales is a perfectly gradual one. 

^ Mcm^ XKIII, p. 126, 
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The limestone series below the Spiti shales is throughout — except 
in the uppermost layers — extremely poor in fossils, and those present 
are generally badly preserved. For this reason, only a few data 
can be given. 

Since this limestone mass is capped by the upper Jurassic ^ Spiti 
shales, and since not the slightest trace of a break in the sedimen- 
tation can be discerned, the limestone mass must needs represent 
the uppermost dachsteinkalk, rhaetic, lias and oolite. This is, 
however, only proved by fossils as far as oolite and trias are 
concerned. Certain discoveries point to lias, but no rhaetic fossils 
have, so far, been recognized. 

The following fossils can be recorded 

1. Megalodon ladakhensisy Bitt.^, occurring at 50 feet above the 

quartzite series in a thick band almost entirely 
Dachsteinkalk in part. Megalodon, at Hansi. This 

species was also collected by Mr, Hayden, Palang Buldur, 
Para river, Rupshu. 

2. (?) Spirigera Noetlingi, Bitt., described in Bittner’s recent 

Memoir “from beds of unknown age (presumably lias) 
from Nio-Sumdo in Karnag,” 

Lima cumaunica, Bitt. 

„ serraticosta, Bitt. 

Spiriferina nov, sp* 

very similar to Spiriferina griesbachi, but without a median 
rib in the sinus of the large valve, and without a furrow in the lobe 
of the small valve. 

All these forms were collected between 200 and 300 feet above 
the quartzite series at various localities. 

3. Gastropods in bad preservation, among them a form, similar 

to Naticopsis gradata, Koken. About 400 feet above the 
quartzite series ; east of Lilang. 

4. Bivalves, chiefly Pecien and other genera, mostly preserved in 

casts, coralSf etc., not yet worked out. Collected up to 
about 400 feet above the quartzite series. 

5. 800 to 900 feet above the quartzite series I collected between 

Gieumal and Chabrang a few very well pre- 
served specimens of Spiriferina, which bear a 

» Denkschriften d. k. Ak. d. Wissenschaften in Wien, iSgs, p. 587. 
s Palacontologia Indica 1 . c. 


a 
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striking resemblance to Spiriferina obtusaf Opp., of the 
Hierlatz limestone of the eastern Alps (Geyer, Liasische 
Brachiopoden des Hierlatz, Abhandlungen d. geol. Reich- 
sanstalt, Vienna, 1889, pi. VIII). Although I should not 
like to attach any vital importance to this discovery, it is of 
interest, connected with the following observation. 

6, About 1,000 feet above the layer in which Spiriferina cf 
obtusa^ Opp., was obtained, and 370 feet below 
KelloTBoy. gpj^- ghales, a very well pre- 

served ammonite was collected in the section between 
Chabrang and Gieumal. This is closely allied to Stepka* 
noceras coronaium^ Brug. (Explanations de la Carte G60I0- 
gique de France, Tome IV, 1878, pi. LIV, fig. 2). In its 
transverse section, and the number of lateral tubercles (15 
in the Spiti form, 14 in the European specimen referred 
to), there exists almost complete identity. There is only 
this noteworthy difference, that in the considerably larger 
specimen from Chabrang, the ribs are only very indistinctly 
developed on the siphonal part. Therefore they can only be 
seen in a side light. However, so much can be distinctly 
observed that two very flat folds rise from one tubercle 
crossing the external part in a forward-bent curve. 

I do not hesitate in determining this ammonite as Stephanoceras 
ef coronatunty Brug., and the beds including it must therefore be 
considered as Kelloway. The overlying beds of 370 feet in thick- 
ness, in places very rich in brachiopoda, will have to be included in 
the uppermost oolite. 

Seeing that Kelloway is in situ 370 feet below the base of the 
Spiti shales, the lias must lie considerably lower. Therefore it is 
quite possible that the beds with Spiriferina cf. obtusa actually 
represent the lias. At any rate a great part of the limestone series 
in question must be of liassic and Jurassic age. On the other hand 
there is little doubt that the lowest 300 to 400 feet are of upper 
triassic age, while higher up the rhaetic must be represented. To 
define the various horizons accurately will be a very difficult task, 
owing to the scarcity of determinable fossil remains. 

As to the beds following above the Spiti shales, I have only a few 
points to mention. Wherever well exposed, the 
Gieumal sandstone alternates at its base with 
the Spiti shales, a feature already observed 
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by Messrs. Stoliczka, Griesbach and Diener. South of Gieumal many 
bivalves mostly of poor preservation occur. Near Chikim and Kibber 
we observed casts of ammonites belonging to Perisphinctes and 
Stephanoceras* 

The Chikim limestone of Chikina itself has yielded Foraminifera^ 
recorded already by Ferdinand Stoliczka. They belong to the 
genera 

Crisiellaria^ 

Denialina, and 
Haplophragmium, 

In the Lingti valley a belemnite was observed in this limestone^ 
The sequence of beds included between the productus shales and 
the Spiti shales is given in the following table 

Spiti shales. Upper Jurassic# 


Grey and black earthy 
limestones, passing 

gradually into the Spiti 
shales. 

About 2,300 feet. 

Stephanoceras cf, coronaium^ Brug. • 
About 1,800 to 1,900 feet above base. 

Spiriferina cf. ohtusa^ 0 pp. 

About 800 to 900 feet above base. 

Oolite 

Lias. 

Rhaetic. 

? Spifigcra noetUngi^ Bitt. \ 

About 300 feet above j 

1 Dachstein- 

Megalodm ladakhensis, / 

About 50 feet above J 
base. / 


White and brown quart- 
zites, black shales and 
hard grey limestones. 
From 300 to 350 feet. 

Aulacoihyrts joharensis^ Bitt. 

Near top. 

Lima cumaunica^ Bitt. 

Spiriferina grieshacki^ Bitt, 

Lower Part. 

\ Upper 
) trias* ■■ 

Brown weathering, sandy 
and shaly limestones, 
sandstones and dolo- 
mites. 

300 feet. 

Spiriferina grieshachi^ Bitt. A 
Anodontophora griesbachi^ 1 Sagenites 
Bitt. > beds, 

Aulacothyris joharensis, \ Diener. 
Bitt. ; j 
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Brown weathfti:ng, sandy 
and shaly limebtones, 
sandstones and dolo- 
mites. 

300 feet. 

Distichites nov. sp. • \ 

250 feet above base. . 

M omits salinariat Br. f 

200 feet above base. 1 

Spirigera dteneri, Bitt. ] 

Ease. / 

\ 

Sagenites 

beds, 

Diener. 


Coral limestone 

TOO feet. 

\ 

Spiriferina grieshacht, Bitt. 
RhynchoneUa homhana^ ► 
gensiSf Bitt. ^ 

Limestone 
" with Sp» 
griesba- 
chif 
Dien. 


Brown weathering, sandy 
and shaly limestones, 
sandstones and shales, 
and black, splintery 
limestones. 

About Soo feet. 

Dolomitic limestone 

About 300 feet. 

Paratibetites iornquisiu ^ 
Mojs. 

Jumamites aff. Ehrlichia 

Hau. 

Upper Half. 

? Hauer ites n. /. ^ 

Mojs. 

Paratiheiiies aff. torn* 
quisti, Mojs. 1 

Near base. i 

' Halorites 
* beds, 

1 Diener. 

1 Haiierites 
► beds, 

1 Diener. 

upper 
] trias. 

Splintery dark limestones, 
grey shaly limestones 
ana calcareous shales. 
From 6oq to 700 feet. 

Tropiies cf. tubbullaius, 
Mojs. 

Tropiies aff* discobultatus, 
Mojs. 

Clydonautilus griesbachi, 
Mojs., etc. 

About 800 feet above 
base. 

Daonclla 


Grev earthy shales with 
shaly limestone part- 
ings. 

About 50Q feet. 

Spiriferina shalshalensis^ 
Bitt. 

RhynchoneUa lankana^ 

Bitt. 

About 300 feet above 
base. 

Joanniie% cymbiformisy W. 
Trachyceras cf aonoidest 
Mojs. 

Base. i 

beds. 
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Hard, dark, splintery 
limestone, shaly lime- 
stones intercalated. 

About 300 feet. 

Halobia cf, comaia^ Bitt. 

„ cf, faseigera^ Bitt. 

Upper part. 

■ 

Upper 

tnas. 

Daonella lommelU Wiss. 
Lower part. 




Black, shaly limestones, 
Ihin-bedded. 

160 feet. 

Daonella indica^ Bitt. 

„ lomrneU, Wiss. 

Gymnites ecki^ Mojs. 
Tracliyceraladinum, 

Mojs. 

Proartestes bicineiur, 

Mojs. 

Piychites gerardi, Blan., 

7^ 

c 

s 

Lfidinic 

stage. 

i 

J 

Muschel«i 

kalk. 

6rey and black, concre- 
tionary limestones, with 
thin, shaly partings. 
About 15 feet. 

Piychites rugifer^ Opp. 7 UppCT 
Ceraittes thuiUieri, Opp. j "'kalk! ’ 

Spiriferina Hrucheyi^ Salter, etc. 


Ceratiies subrobustusy 

VIojs. 

Sibirites prahlada, Dien 
Danubites kansa, Dien. y 

Lower 

muschel- 

kalk. 


Nodular limestone . 
About 60 feet. 

Very poor in fossils « 

. 

J 



Grey earthy, concretionary 
limestones and shales, 
40 feet. 

Redenstraemia mojsisovicsif') 
Dien. 1 

Danubites niifalis, Dien. ( 
Near base. J 

Upper 
division of 
ImVer 
trias. 


Black limestone and 
shales. 

6 to 7 feet. 

ProptychiiBs ammonoides,"^ 
Waag. 

Meekoceras nov, sp. I 

Upper part, 1 

Otoceras 

Lower 

trias. 


Ophiceras sakuHtala, Dien. 
Near base. J 

1 beds. 



Productus shales with Clyclolobus oldkamu^^g. 


Permian. 
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Abstract of Report on the Geological structure of the sites proposed 

for the Bhavani dam, by T. H. Holland, A.R.C.S., F.G.S. 

The sites suggested for a dam across the Bhavani valley lie from 
4 to 8 miles west of Satyamangalam in the Coimbatore district, and 
just below the junction of the Moyar with the Bhavani river. 

The prevalent rocks in this particular part of the valley are 
biotite-gneisses of a type generally regarded to be the oldest 
members of the Archaean group of crystalline rocks. With the 
biotite-gneisses there occur bands of hornblende schist, quartzites, 
quartz fuchsite schists, quartz iron ore schists, and members of the 
charnockite series which have been considerably altered. 

The gneisses and schists of the Bhavani valley being situated 
between two great masses of strong, homogeneous charnocki tes— • 
the Nilgiris and the Bargur hills— have noticeably suffered severely 
from the crushing effects of earth movements} but as all such move- 
ments ceased in South India early in palaeozoic times, when these 
rocks were deeply buried, the cracks and faults in the gneisses have 
been completely healed, and their present crushed appearance, due 
to the preservation of the old scars, is more apparent than real ; the 
gneisses, for all practical purposes, are now as firm as t hey would 
have been if they had escaped deformation. 

The principal points kept in view whilst ezamining the proposed 
sites were— 

(1) The distance from the surface of the fresh unweathered 

rock. 

(2) The probable rapidity of alteration on exposure of the 

fresh rock, to the new conditions near the dam founda- 
tions. 

(3I The direction and character of the younger joint planes, 
which would permit percolation of water under pres- 
sure. 

(4) The coincidence of junction planes between adjoining 
large formations with the area's of high pressure under 
the dam, and consequent possibility of differential 
settlement in the foundations. 

(i) The first point had been very thoroughly investigated by 
the officers of the Public Works Department before the time of my 
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visit| and the detailed report by Mr. Malet shows the depth of suba^rial 
decomposition at numerous points along each of the proposed sites. 
It was on account of the great thickness of the soft, weathered rock| 
that the site first selected, was ^afterwards condemned. 

Besides the great depths to which the weathering agents have pene- 
trated in the region of the A.B. site, the excavations made to the 
south of the river cut an intrusion of the peculiar decomposed dunite 
with magnesite, which is now known in so many isolated patches in 
South India. Their soft, irregular nature and the readiness with 
which these rocks (the dunites) lend themselves to hydrous decom- 
position, render them quite unfit for the foundations of a large dam. 
There is, therefore, in this discovery an additional reason for aban- 
doning the A.B site, and I entirely agree with the general opinion of 
the Engineering officers as to its unsuitability. 

(2) With the exception of the dunite referred to in connection 
with the abandoned A. B. site, there are no rocks in the valley 
noticeably liable to rapid alteration on exposure to the weather or 
water. The second consideration needs, therefore, no further 
discussion, 

(3) The display of the old fracture scars and the strongly marked 
foliation of the biotite-gneisses have given rise to ill-founded suspi- 
cions as to their stability. Microscopic sections across the fracture 
planes show the rocks to be completely re-cemented by crystalline 
material, and to be just as firm now as if they had never suffered 
any crushing in the past. Similar remarks apply to the foliation 
planes, which, at the G. H. site, strike nearly east and west, or at 
right angles to the alignment of the dam. It has been suggested 
that such a disposition of the foliation planes parallel to the river bed, 
and across the line of the dam, will facilitate the percolation of water 
under the dam ; but it should be remembered that though the 
disposition of the constituent minerals, especially of the mica scales, 
in bands, permits an easy clearage of isolated fragments along the 
foliation planes, these planes are perfectly closed up in the rock 
mass. The tendency to easy clearage, due to the thin films of mica 
principally, is quite consistent with the absence of actual open 
fissures in the rock mass. The principal channels for percolation 
would be along the younger joint planes, which occur as frequently 

^ Three alternative sites known respectively as the A. D., C.D. and G.H. sites were 
examined, and their positions marked on a g^eological map accompanying^ the original report. 
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across, as along the foliation, and in this particular respect the 
biotite-gneiss is as sound as most rocks, whilst its composition is 
unfavourable to any form of solution in water which would tend to 
widen such joint planes and convert mere cracks into open fissures. 

I do not consider, therefore, that the direction of the foliation planes 
can be fairly offered as •objection to the G.H. site. 

(4) The disposition of the garnetiferous basic rock (garnetifei> 
ous amphibolite) forming the small hill along the site C.D., illustrates 
the fourth point in which the geological features of the site are of 
importance. It was thought, apparently, that this garnetiferous rock 
(amphibolite) formed a continuous band along the central portion 
of the C.D. site ; but excavations made at the point where the C.D. line 
crosses the Bhavani river, reveal the ordinary biotite-gneiss on the 
left (N.) bank of the river, whilst the amphibolite is found to strike 
across at a higher point. On following the C.D. line towards C. 
the amphibolite is again meet with, and then continues as a ridge 
for over half a mile in the west-north-west direction, that is, parallel 
to the direction of the similar ridge on the right (S.) bank of the 
river, but not exactly in line with it ; the two ridges are in fact 
arranged en echelon^ and the two bands of amphibolite are thus not 
actually continuous with one another. Either they are parts of a 
band dislocated by a fault plane near and parallel to the river, on 
which is more likely from what we know of the habits of this 
peculiar rock, the two bands are separate, lens-shaped intrusions 
into two fissures, parallel to one another, and coincident with the 
foliation planes in the gneiss. 

Usually the lenticular bodies which this rock habitually forms in 
South India, are stouter and more convex, more definitely lens-shaped 
in fact. But in the Bhavani valley they have been flattened out by 
the same earth-movements which have so intensely foliated the 
associated gneisses, and this fact I did not fully appreciate until I 
had examined the rocks microscopically. However, the correct geolo- 
gical interpretation of these phenomena is of less importance for the 
present than the actual fact that at this point, the most critical point 
in the C.D. site, there is a double geological change, first from 
•amphibolite to biotite-gneiss and, in a short distance, back again to 
the amphibolite band. Both the amphibolite and the biotite-gneiss 
would be sufficiently superior to all that will ever be required of them 
in this respect, that the possibility of differential settlement due to 
the weight of the dam need scarcely be discussed ; but where the 
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Water pressure will be so great as it will be at this the deepest point 
iu the reservoir, and where, in fact, all the enemies to its stability 
will act with maximum effect on the dam, I should consider it advis- 
able, when possible, to avoid building across the junction planes of 
two dissimilar geological formations. 

In the case of the Bhavani project the existence of an altefnative 
site at G.H. offers a means for avoiding this form of danger. Along 
the G.H. line there is also a change in the geological formation, but 
the change is between two rock groups which differ merely in struc- 
ture, not in mineral composition j the differences between a 
gneissose granite and a biotite-gneiss of the old type in Sooth India, 
though of theoretical interest to the geologist, are of no importance 
from the engineering standpoint. But in this instance, too, the 
change of formation occurs at a point in the G.H. line which is at a 
higher comparative level than the double, and more serious change, 
which has just been referred to in connection with the CD. site. 

From the geological standpoint, therefore, I would give a vote in 
favour of G.H., but it is only fair to state that had C.D. been the 
only site available I should not consider the change from biotite- 
gneiss to amphibolite sufficiently important to justify a protest against 
its selection. At the same time, when another good site is available 
without any apparent drawbacks, I should, as a matter of principle, 
decide in favour of the latter. 

There is one point on which a brief explanation is due to the 
members of the committee who favoured the selection of the C.D. 
site. When going over the ground I noticed that the margins of the 
amphibolite lenses showed signs of alteration by dynamical meta- 
morphism, but did not fully appreciate the fact that such an altera- 
tion had extended to the centre of the mass until the specimens 
collected had been prepared for microscopic examination. I expected 
consequently that the rock of the ridges would be highly jointed 
until Mr. Larminie showed, by excavations made on the Pungur hill, 
south of the river, that the amphibolite was far more massive than I 
had expected. The point which I raised in committee, namely, 
that the jointed rock of the ridges would permit free percolation, 
must therefore be withdrawn. The amphibolites are, I find, 
slightly decomposed with formation, of carbonate of lime, and they 
contain also considerable quantities of apatite (phosphate of lime)^ 
but the proportions of these minerals do not attain anything near a 
dangerous degree. 
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Appendix 1. 

Li»t of Societies and other Institutions from which publications 
have been received in donation or exchange for the Library of 
the Geological Survey oj India, from the ist April rSpg'to the 
31st March igoo. 


Adelaide. — Royal Society of South Australia. 

Albany. — ^New York State Library. 

» 92 99 Museum. 

Baltimore.— Johns Hopkins Unirersity. 

99 Maryland Geological Survey. 

Berlin.— Deutsche Geologfische Gesellschaft. 

99 K. Preuss. Akad. der Wissenschaften. 

22 22 Geologische Landesanstalt. 

92 22 92 und Bergakademie. 

Bologna,— R. Accad. delle Scienze dell’ Istituto de Bologna. 
Bombay.— Bombay branch of the Royal Asiatic Society, 

22 99 Natural History Society. 

Bordeaux.— S oci^td Linneenne de Bordeaux. 

Boston.— American Academy of Arts and Sciences. 

22 ^ 92 Association for the Advancement of Science, 

99 Society of Natural History. 

BRE8LAU.^~Schlesische Gesellschaft fur Vaterliindische Cultur. 
Brisbane,— Royal Geographical Society of Australasia. 

99 Royal Society of Queensland. 

Bristol.— Bristol Museum and Reference Library. 

Brussels.— Socidtd Roy ale Beige de Geographic. 

Bucharest.— Muse. 

99 Museului di Geologia si di Palaeontologia, 

Budapest.— K on. Ungarische Geologische Gesellschaft. 

” ^ 99 19 Anstalt. 

Caen.— Socidtd Linneenne de Normandie. 

Calcutta.— Agricultural and Horticultural Society of Bengal. 

99 Asiatic Society of Bengal. 

>2 University of Calcutta. 

99 Editor, Indian and Eastern Engineer. 

Cam bridge.— Philosophical Society. 

29 Woodwardian Museum. 

Cambridge, Mass.— Museum of Comparative Zoology. 

Canada.— Hamilton Association, 
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(^APE Town-Cape op Good Hope.— Geological Commission. 
Chicago.— Field Columbian Museum. 

CoFENTHAGEN. — Academic Royale des Sciences et des Lettres. 

Des Moines.— Jowa Geological Survey. 

Dresden.— Naturforschende Gesellschaft. 

Dublin. — Royal Dublin Society. 

„ Royal Irish Academy. 

Edinburgh. — Geological Society. 

„ Royal Scottish Geographical Society. 
Frankpurt-am-Main.— Senckenbergische Naturforschende Gesellschaft. 
Freiburg in Baden.— Naturforschende Gesellschaft Isis. 

Geneva.— Soci 6 t 4 de Physique et d* Hist. Nat. de Geneva. 

Glasgow.— Glasgow University. 

Gottingen.— Konigl. Gesells. der Wiseenschaften. 

Halifax.— Nova Scotian Institute of Science. 

Halle. — Academia Cassarea Leop. Carol. Nat, Curiosorum. 

M Naturforschende Gesellschaft. 

Helsingfors.— Commission Geologique de la Finlande. 

91 Soci 6 td Finlande de Geographic. 

Indiana.— Department of Geology and Natural Resources. 

„ Indiana Academy of Science. 

J OHANNESBURG. — Geological Society of South Africa. 

Konigsburg.— Konig. Physikalisch-Okonomische Gesellschaft. 
Lausanne. — Societe Vandoise des Sciences Naturelles. 

Lawrence. — ^Kansas University. 

Leipzig. — K 6 n. Sach. Gesells. der Wissenschaften. 

,9 Verein fur Erdkunde. 

Liege. — Soci 6 t 6 Geologique de Belgique. 

Lille. — „ „ du Nord. 

Lisbon. — -Travaux Geologiques du Portugal. 

Liverpool.— Geological Society. 

London. — British Association for the Advancement of Sdcnceu 
„ British Museum (Natural History). 

9, Geological Society. 

99 99 Survey of the United Kingdom. 

91 Iron and Steel Institute. 

99 Linnean Society. 

„ Royal Geographical Society, 

99 99 Institution of Great Britain. 

99 99 Society. 

,9 Society of Arts. 

99 Zoological Society. 

„ Imperial Institute. 

Macon. — L^Institut Colonial di Marseille. 

Marseille. — Faculte des Sciences de Marseille. 

Madrid.— Sociedad Gcografica de Madrid. 
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Man CHESTER.- -Geological Society. 

Literary and Philosophical Society. 

Melbourne.— Department of Mines and Water-supply. 

„ Royal Society of Victoria. 

Mexico. — Institute Geologico de Mexico. 

Milan.— Societa Italiana di Scienze Naturali. 

Moscow. — „ Imp. des Naturalistes* 

Munich.— Konigl. Bayerische Akad. der Wissenschaften. 

Newcastle-upon-Tyne.— North of England Institute of Mining and M^hanicril 

Engineers. 

New HavSn. — Editor, American Journal of Science, 

New York. — Academy of Sciences. 

„ American Museum of Natural History. 

Neuchatel. — Soci4t6 des Sciences Naturelles. 

Ottawa.— Geological and Natural History Survey of Canada. 

„ Royal Society of Canada. 

Para.— Museu Paraense de Historia Naturelle Ethnographla. 

Paris.— Department of Mines. 

„ Ministere des Travaux Publics. 

„ Museum de Histoire Naturelle. 

„ Societe de Geographie, 

„ „ Geologique de France. 

Penzance, — Royal Geological Society of Cornwall. 

Perth. — Geological Survey, Western Australia. 

Philadelphia. — Academy of Natural Sciences. 

„ American Philosophical Society. 

Franklin Institute. 

Wagner Free Institute of Science. 

Pisa.— Societa Toscana de Scienze Naturali. 

Pretoria.— State Mining Department. 

Rio-de-]aneiro.— Imperial Observatory, 

Rochester.— Geological Society of America. 

Rome.— Reale Accad. dei Lincei. 

,, j, Comitato Geologico dTtalia. 

„ Societa Geologica Italiana, 

Saigon.— Economique d’l’ Indo-Chine. 

Salem.— American Association for the Advancement of Science. 

„ Essex Institute. 

San Francisco. — California Academy of Sciences. 

Shanghai. — China Branch of the Royal Asiatic Society. 

Singapore. — Straits Branch of the Royal Asiatic Society. 

Stockholm.— Konig. Svenska Vetenskaps Akademiens. 

„ Sveriges Geologiska Undersokning. 

St. Petersburg.— Academic Imperiale des Sciences. 

„ Comite Geologique. 

,, Russ. Kais. Min. Gesellschaft. 
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Sydney. —Australian Museum. 

„ Geological Survey of New South Wales. 

„ Linnean Society $$ 

„ Royal » #1 

„ Department of Mines and Agriculture. 

„ Australasian Association for the Advancement of Science. 
Tokio.— College of Science, Imperial University, 

„ Deutsche Gesellschaft fur Natur-und Volkerkunde. 
Topeka. — University Geological Survey of Kansas. 

Toronto. — Canadian Institute. 

Turin. — Reale Accad. delle Setenze. 

Upsal A.— G eological Institution, University of Upsala. 

Venice. — R. Instituto Veneto di Scienze Lete ed Arti. 

Vienna.— K. Akad. der Wissenschaften. 

„ K. K. Geographische Gesellschaft. 

,3 33 . Cieologische Reichsanstalt. 

33 33 Natur. Historisches Hofmuseum. 

Washington, — Smithsonian Institution. 

33 United States Department of Agfri culture. 

33 „ „ Geological Survey. 

33 „ 3, National Museum. 

3, 3, „ „ Academy of Sciences. 

Wellington. — New Zealand Institute. 

York.'- Yorkshire Philosophical Society. 

Zurich. — Natur forschende Gesellschaft. 


ADDITIONS TO THE LIBRARY. 

From ist April 1899 to sist March 1900. 

Books and Pamphlets^ etc, 

Agamennone, (t.— I , Terrimoti nel Turkestan del 15 Agosto e 17 Settembre 
1897. 8°, Pam., Modena, 1898. 

33 Sopra un sistema di doppia Registrazrone negli strumenti 

sismici, 8®, Pam., Modena, 1899. 

Alcock, a.— A n account of the deep-sea Brachyura collected by the Royal 
Indian Marine Survey Ship Investigator, 4% Calcutta, 1899, 

„ A Descriptive Catalogue of the Indian deep-sea fishes in the Indian 

Museum, being a revised account of the deep-sea fishes 
collected by the Royal Indian Marine Survey Ship Investigator, 
4®, Calcutta, 1899. 

Beck, L.— Die Geschichte des Eisens. Band IV, Lief. 5-6. 8°, Braunschweig, 
1898-99. 

Bertrand, Auguste Daubr^e. 8®, Paris, 1896. 
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BlanforDi W. T . — The Fauna of British India. 

Birds, Vols. MV, by E. W, Oates and W. T. Blanford. 
Fishes, „ MI, „ F. Day. 

Hymenoptera, Vol. I, by C. T. Bingham. 

Mammalia, „ W T. Blanford. 

Moths, Vols. I-IV, by G. F. Hampson. 

Reptilia and Batrachia, by Boulenger. 8°, London, 1887-98. 
CoNNEY, T, (7.— Volcanoes, their structure and significance, 8 °, London, 1899. 
Bordeaux, il.— >Les Mines de L*Afrique du Sud, Transvaal, Rhodes!^ etc. 
8°, Paris, 1898. 

Bronx, H. G.-— Klassen und Ordnungen des Thier-Reichs. Band 11, Abth 3, 
Lief. 22-28. 

Band III, Lief. 35-47. 

„ IV, Abth 2, Lief. 53-56 and^ Supplement Band IV, 
Lief. 14-17. 

„ VI, Abth 5, Lief. 54-56. 8®, Leipzig, 1899. 

Brush, G. y,*— Manual of determinative Mineralogy, with an introduction on 
Blow-pipe analysis. Revised by Samuel L. Penficld, 15th 
edition. 8“, New York, 1898. 

Brusxxa, S. Materiaux pour la Faune Malacologique n6og6ne de la dalmatict 
de la croatic et de la Slavovid avec des csp^ces dc la Bosnic de 
L’Herzdgovine et de la Serbie. 4°, Zagreb-Agram, 1897. 
Bukowski, Gejza Geologische Uebersichtskartc dcr Insel Rhodus 8®, 
Wien, 1899. 

COMPIGNEULLES, Rev. V. /?e.--Observations taken at Dumraon, Bch.ar, India, 
during the Eclipse of the 22nd January 1898, 8°, London. 

1899. 

Carnot, ^ 4 .— Traitd D’Analyse des substances minerales. Tome I, Mtithodes 
G6n6rales D’Analyse qualitative et quantitative. 8®, Paris, 

1898. 

Christy. V. 5 .— Quiciwilver-condensation at New Almaden, California. 8“ 
Pam., Philadelphia, 1885, ’ 

Cohen, £.-Meteoritenkunde, Heft 1. 8“, Stuttgart, 1894. 

„ Sammlung von Mikrophotographien. Auflage 3, Lief. 1-4. 4.0 Stut. 
gart, 1899-igoo. . * ’ 

CossMANN, if.— Essais de Paldoconchologie Comparce. Livr ■». 8° Paric 

1899, O # 

„ Notes comptdmentaires sur la Faune Edcdnique de L’ Alabama. 

4°, Pam., Turin-Palerme, 1893. 

Dahlblom, 2^.--Ueber Magnetlsche Erzlagerstatten und deren Untcrsuchune 

durch magnetlsche Messungen. 8°, Frciburcr in Sachsen TSnrt 

Dana, E. S.—A Text-book of Mineralogy with an extended Treatise on crysta^o- 

graphy and physical mineralogy. New Edition. 8*. New York 
1898. >i-^^wjcorK, 

Das Tiesreioh.— Eine Zusammenstellung und Kennzeichung der rezenten Tier- 
formen, Lief. 5 and 7-9. 8°, Berlin, 1899.1900. 
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Davison, CA.— The Hereford Earthquake of 17th December 1896. 8“, Birmin- 
gham, 1897. 

Edward, i/.—Histoire Naturdle des crustaces, Vols. I— III, and Adas, 8 
Paris, 1834-40. 

Felix, J., and Lenk, Zf.— Beitrage zur Geologieund Palaeontologie der Republik 
Mexico, Theil I, II, Heft 1—3 and III. 4®. Leipzig. 1890-99. 
Foote, R. B.- The Geology of the Baroda State. 8", Madras, 1898. 

Frech, F.— Die Steinkohlen Formation. 8", Stuttgart, 1899. 

Fritsch, Ant . — Fauna der Gaskohle und der Kalksteine der Permformation 
Bdhmens. Band IV, Heft i — 2. 4®. Pvag, 1899. 

Gaillord, 6'.— Apropos de L’ours Miocdno de la grivesaint-aiban (isSric). 8®, 
Pam ., Lyons. 

General Report and Statistics of Mines .'nd Quarries for 1897. Pt.4. Colonial 

and Foreign Statistics. 

General Report and Statistics of Mines and Quarries for 1897. Pt. 1. District 
Statistics. 

General Report and Statistics of Mines and Quarries for 1897. Pt 2. Labour. 

Ditto ditto Pt.3. Output. 

Fisc., London, 1899. 

GrOnwedbl.— See Mainwaring. 00 o. 

GfJNTHBR, 5.— Handbooch der Geophysik. Band II, Lief, it— la. - 8 , Stuttgart, 

i899« 

Geikie, y.— Earth Sculpture or the origin of Land.forms. 8®, London, 1898. 
Godwin- Austen, H. S'.— Land and Freshwater Mollusca of India. Vol. II, 
Part 9, and plates. 8® and 4®. London, 1899. 

Grahn, F.— Die Stadtische Wasserversorgung im Deutschen Reiche sowie in 
einigen Nachbarlandern. Band II. Heft i, 4®, Munchenund 

Leipzig, 1899. t ^ ■ 

Henderson, J. A. £«o.— Petrographical and Geological investigations of c^ain 
Transvaal noriteSj and pyroxenites and other South African 
rocks. 8®, London, 1898. 

Her Majesty's Inspector of Mines’ Report for 1898. Nos. i, 3, 4, 6, 8 13, Fisc., 
London, 18991 

Hintz, C.— Handbuch der Mineralogie. Band I, Heft i 2. ^ ^ , 

Jervis, W, P.— The Mineral Resources of Central Italy : including Geological, 
* Historical and Commercial notices of the mines and marble 

quarries. With a Supplement containing an account of the 
mineral springs. 8®, London, 1868. 

— Progetto di Massima di lavori idraulici nazionali tiel veneto. 8 , 

Torino, 1884. 

— Guidee alle acque minerali DTtalia. 8®, Lorino, 1876. 

Keilhack. K.— Kalender fur Geologen, Palaontologen und Mineralogen. Jahr. 

1900. 8°, Leipzig, 1900. * , - t 1 ^ R 

Kirk, r*— The Student’s Flora of New Zealand and the outlying Islands, b 
Wellington, N. Z., 1899. 
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Klein, C.— Einleitung in die Krystallberechnung. 8®, Stuttgart, 1876. 

Kcehler, R . — An Account of the Deep-sea Ophiuroidea collected by the Royal 
Indian Marine Survey Ship Investigator, 4°, Calcutta, 1899. 

Kobrt, Geologische und Palaontologische Untersuchung der Grenzschichten 
zwischen Jura und Kreide auf der Sudwestseite des Seller. 8^ 
Pam., Gottingen, 1898. 

Lapparent, a. De , — Traite de Geologic. 4th Edition. Fasc, 1 — II. 8“, Paris, 
i9oo« 

Lbtss, C. — Die Optischen instrumente der Firma R. Fuess. 8°, Leipzig, 1899. 

Lendenfeld, Von. — Die Hochgebirge der Erde. 8®, h reiburg in Breis- 

gau, 1899. 

Lev AT, M. E. D , — Guide pratique pour la Recherche et L^Exploitation de Lor en 
guyane Francaise avec une annexe donnant le texte desddcrets 
qui regissent les placers dans la colonie. 8®, Paris, 1898. 

Loewinson-Lessing, F.— Studien uber die Eruptivgesteine. 8®, St. Petersburg, 
1899. 

Lorenzo, Giuseppe de. — Reliquie di Grandi Laghi Pleistocenici nelP Italia Meri- 
dionale. 4®, Napoli, 1898. 

. — Studio Geologico del Monte Vulture. 4®, Napoli, 1900. 

Louis A Handbook of Gold Milling. 2nd Edition. 8®, London, 1899. 

Mahon, i?. A Report upon the Manufacture of Iron and Steel in India* 
Fisc,, Simla, 1899. 

Main waring, G. B . — Dictionary of the Lepcha Language, Revised and com- 
piled by Albert Grunwedel, Berlin. 8®, Berlin, 1898. 

Marr, y. The Principles of Stratigraphic?al Geology. 8®, Cambridge, 1898. 

Molengraapp, G. a. F.— The Glacial Origin of the Dwyka Conglomerate. 8®, 
Pam., Johannesburg, 1898. 

Murray, J. A. B . — A New English Dictionary on Historical Principles. Vol. IV, 
Germano-Glass-cloth and Vol. V, Heel — Hywe. 

Netschajaew, a. — D ie Fauna der Permischen Ablagerungen des ^ostlichen 
Theils des Europaiscben Russlands. 8®, Kasan, 1894. 

Neuburger, /f. L. and Noalhat, ^.—Technologie du Petrole. Tome I. 8". 
Paris, 1900. 

Newth, G, 3 ,— a Manual of Chemical Analysis. Qualitative and Quantitative. 
8®, London, 1898. 

Nitsche, JI , — Studien uber Hirsche. Heft x. 4°, Leipzig, 1898. 

Norwegian North Atlantic Expedition, 1876-78. 

XXV Zoologi— Thalamphora, 

XXVI ” Hydroida. 4®, Christiania, 1899. 

Omori, F.— Notes on the Earthquake Investigation Committee Catalogue of 
Japanese earthquakes, 8®, Pam., Tokio, 1899. 

Plathan, a. Ober eine isomorphe Reihe von formationen des Calcium, Stronti- 

um, Baryum, und Blei. 8®, Pam., Kuopio, 1897. 

PoTONi, /y.— Lehrbuch der Pfianzenpalaontologie. Lief. 4. 8®, Berlin, 1899. 

Pristbr, a.— N otes on the origin and formation of the Witwatersrand auri- 
ferous Deposits. 8®, Johannesburg, 1898. 
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Robmer> F.— Lethaea Geognostica. Theil I 

Russell, /. C. — River Development as il 
America. 8®, London, 1898. 

Rust, Dr , — Neue Beitrage znr Kenntniss der Fossilen Raai» 

Gesteinen des Jura und der Kreide. 4°, Stuttgart, iby 

Sacco, F. — I Molluschi deiTerreni Teraiari del piemonte e della liguria. . 
XXVI— XXVII. 4®, Torino, 1898-99. 

Schenk, Dr.,— Fossile Pflanzen aus der Albourskette, gesammelt von E. Tietzt, 
4°, cassel, 1887. 

ScHMEissER, Karly and Vogelsang, isTaW.— The Gold-fields of Australasia, 
Translated by Henry Louis. With maps. 8°, London, 1898. 

Schroeder, Van der Kolk J, L C.—Tabellen zur mikroskopischen Bestim- 
mung der Mineralien nach ihrem Brechungsindex. 8°, Wiesba- 
den, 1900. 

Schwalbe, G.— Studien fiber Pithecanthropus erectus Dubois. 8", Stuttgart, 1899. 

Sekiya, .yf— The Earthquake investigation Committee Catalogue of Japanese 
Earthquakes, 8% Pam., Tokio, 1 899 . 

Sjogren, S,Q.H , — The Iron ore deposits of Dunderland (Norway). 8®, Pam., 
Upsala, 1894. 

SoHLE, W , — Das Ammer-Gebirge. 8®, Pam., Munchen, 1899. 

SzECHENYT, Gtofen, Bila * — Die Wissenschaftlichen Ergebnisse der Reise des 
Grafen Bela Szechenyi in Ostasien. 1877-1880. Band III. 4®, 
Wien., 1899. 

Trouessart, E , L , — Catalogus Maramalium' turn viventium quam fossilium. 
Nova Editis. Fasc VI. 8®, Berolini, 1899. 

T RUCHOT, F.— Les Terras rares. Mineralogie— Proprietds analyse. 8°, Paiis, 1898. 

Tryon, G, W , — Manual of Conchology. ist series, parts 65 A and 68, and 2nd 
series, parts 44 and 45. 8®, Philadelphia, 1897-98. 

Tschermak, G,— Lehrbuch der Mineralogie, 5th Edition. 8®, Wien, 1897. 

Tolla, F. — Neuere Erfahrungen fiber den geognostischen Aufbau der Erdober- 
flache Nos. VI— VII, 1894-98. 8°, Wien, 1894-98. 

„ Cber den neuesten Stand der Goldfrage, 8°, Pam., Wien, 1899. 

Uddbn, J, i 4 .— The Mechanical Composition of Wind Deposits, 4°, Rock Island, 
111., 1898. 

Verbeer, R, D, Jfef.— Kort Verslag over de Aardbcving te ambon op 6 January 
1898. 8®, Pam., Batavia, 1899. 

Vogelsang, Karl.— see Schmeisser. 

ZiTTEL, — Handbuch der Palaeontologie. Abth I, Band I-IV, and Abtli II, 
Band II. 8°, Mfincben and Leipzig, 1880-93. 

„ Grundzfige der Palaeontologie (Palseozoologie). (2 copies). 8®, Mun- 
chen und Leipzig, 1895. 

„ Geschichte der Geologie und Palaeontologie bis Ende des 19 Jalirhun. 
derts. 8®, Mfinchen und Leipzig, 1899. 

„ Text-book of Palaeontology. Vol. I. Translated by C. R. Eastman 
(2 copies). 8®, London, 1900. 


R 
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PERIODICALS, SERIALS, etc. 

American Geologist. VoL XXXIII, Nos. 3—6, and XXXIV, Nos. 1—6, and 
XXV, Nos. 1—2. 8°, Minneapolis, 1899-1900, 

„ Journal of Science. 4tii series. Vol. VII, No. 39, to Vol. IX, No. 50, 8°, 
New Haven, 1899-1900. 

„ Naturalist. Vol. XXXIII, Nos. 387-397. 8°, Philadelphia, 1899-igioo. 

Annalen der Physik und Chemie. Band LXVII, Heft 3—4, LX VIII, Heft 1— 4r 
LXIX, Heft I — 4* Then continued as : — 

Annalen der Physik. Band I, Nos. 1—2; 8°, Leipzig, 1899-1900. 

Annales de Geographie. Annee VII, No. 36, to VIII, No. 41. 8°, Paris, 1898-99. 

Annals and Magazine of Natural History. Vol. Ill, No. 16, to Vol. V, No. 27. 
8° London, 1899-1900. 

Athenaeum. Nos. 3725—3776. 8°, London, 1899-1900. 

Beiblatter zu den Annalen der Physik und Chemie, Band XXIII, Nos. 3 — 12* 
and Band XXIV, No. i. 8°, Leipzig, 1809-1900. 

Beitrage zur Geophystk. Band IV, Heft 1—2. 8®, Leipzig, 1899. 

Chemical News, Vol. LXXIX, No. 2051, to VoL LXXXI, No. 2102. 8°, Lon- 
don, 1899-1900. 

Colliery Guardian, Vol. LXXVII, No. 1994, to LXXIX, No. 2045. Fol., London,. 
1899-1900. 

Geological Magazine, New Series, decade IV, Vol. VI, No. 4 to Vol. VH, Noa 
1—3. 8°, London, 1899-1900. 

Indian and Eastern Engineer, New Series, Vol. IV, Nos. 4—6, Vol. V, Nos. 1-6, 
and Vol. VI, Nos. 1 — 3, 4° Calcutta, 1899-1900. 

Industries and Iron, Vol. XXVI, No. 1366,10 Vol. XXVIII, No. 1417. 4®, Lon- 
don, 1899-1900. 

Jahrbuch der Astronomie und Geophysik. Jahrgang IX. 8®, Leipzig, 1899. 

JournaldeConchyliologie,Vol.XLVI, Nos.2— .4 and Vol. XLVII, Nos. 1—2. 
8°, Paris, 1898-99. 

Journal of Geology, Vol. VII, Nos. 2—8. 8°, Chicago, 1899. 

London, Edinburgh, and Dublin Philosophical Magazine. 5th series, Vol, XLVII, 
No. 287, to Vol. XLTX, No. 298. 8®, London, 1899-1900. 

Mineralogical Magazine, Vol. XII, Nos. 55—56. 8®, London, 1899. 

Mining Journal, Vol. LXIX, No. 3316, to Vol. LXX, No. 33C7. Fol., London,. 
1899-1900. 

Natural Science, Vol. XIV, No. 86, to Vol. XV, No. 94. 8°, London, 1899. 

Nature, Vol. LIX, No. 1533, to Vol. LXI, No. 1584. 8°, London, 1899-1900. 

Neues Jahrbuch fur Mineralogic, Geologic und Palasontologie. 1899, Band I, Heft 
3, Band II, heft I— 3, and 1900 Band I, Heft 1—2. 8°, Stutt- 
gart, 1899-1900. 

„ Beilage Band Ditto. Band XI, Heft 3, XII, Heft 1—3, 

and XIII, Heft i. 8®, Stuttgart, 1899. 

Palaeontographica. Band XLV, Lief. 0, and XLVI, Lief. 1-4. 4“, Stuttgart, 1899. 

Palaionlologishc Abhandlungen. Noue Folgo Band IV, Heft 3. 4°, Jena, igoo. 
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Petermann’s Geographische Mittheil ungen, Band XLV, Nos. 3—12, and XL VI, 
Nos. I — 2. 4®, Gotha, 1899-1900. 

Scientific American. VoL LXXX, No. 9 to LXXXII, No. 8. Fo 4 New York. 
1899-igoo. 

„ „ Supplement, Vol. XLVII, No. 1209 to XLIX, No. 1260, Fol., 

New York, 1899-1900. 

Tschermak’s Mineralogische und Petrographische Mittheilungen, Band 
XVIII, Heft 5 — 6, and XIX, Heft i — 3. 8®, Wien, 1899-1900. 

Zeitschrift fur Krystallographie und Mineralogie. Band XXI, Heft 1 — 6, and 
XXXII, Heft I — 3. 8°, Leipzig, 1899-1900. 

„ fiir Praklische Geologic, 1899, Heft 3 — 12 and 1900, Heft 1 — 2. 8“, 
Berlin, 1899-1900. 

GOVERNMENT SELECTIONS, REPORTS, &c. 

Allahabad. — Report on the Administraion of the Central Provinces for 1897-98 
and 1898-99. Fisc., Allahabad, 1899-1900. 

Chieb Commissioner, Central Provinces. 

Assam.— Report on the Administration of the Province of Assam for 1898-99. Flsc.> 
Shillong, 1899. Chief Commissioner, Assam. 

Bombay. — Brief sketch of the Meteorology of the Bombay Presidency for 1898-99. 

Fisc., Bombay, 1898-99. Bombay Government. 

„ Magnetical and Meteorological Observations made at the Gov- 

ernment Observatory, Bombay, for 1897. 

Bombay Government. 

„ Reports on the Administration of the Bombay Presidency for 

1898-99. 8lsc., Bombay, 1899 . Bombay Government. 

„ Bombay Gazetteer, Vol. ix, pt. 2. 8°, Bombay, 1899, 

Bombay Government. 

„ Selections from the Records of the Bombay Government. New 

Scries, Nos. 363, 369, 371, 373, 375^ 3/6, 378, 379, 380. Fisc., 
Bombay, 1898-99. Bombay Government. 

„ Articles on the Geology of the portions of the Bombay Presidency 

(2 copies). 8®, Bombay, 1898, 

„ Appendix to the Government Selections, Nos. 280 and 285, Fisc., 

Bombay, 1898. Bombay Government, 

„ Administration Report of the Marine Survey of India for 

1898-99. Fisc., Bombay, 1898-99. Bombay Government. 

Burma.— Report on the Administration of Burma for 1898 - 99 * Fisc., Rangoon, 
1899. Burma Government. 

„ Thirty-second Annual Report on the Light-houses and Light 

Vessels off the coast of Burma, Fisc., Rangoon, 1899. 

Burma Government. 

Hyderabad.— Report on the Administration of the Hyderabad Assigned Districts 
for 1898-99. Fisc., Hyderabad, 1899* Resident, Hyderabad- 
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India.— Administration Report on the Railways in India. Parts l-ll for 1898-99 
Fisc., Calcutta, 1898-99. Government of India. 

„ Agricultural Ledger. 1899. Nos. i-li. 8°, Calcutta, 1899. 

Government of India. 

„ Annual Statement of the Trade and Navigation of British India 

with Foreign countries and of the coasting trade in the year end- 
ing 31st March 1899* No. XXXIII, Vols. 1-2. 4”, Calcutta, 1899 

Government op India. 

Civil Budget Estimates for i899-iQ00« Calcutta, 1899. 

Government op India. 

„ History of Services of Officers holding gazetted appointments in 

the Home, Foreign, Revenue and AgricuTtural, and Legislative 
Departments, corrected to ist July, 1899. 8®, Calcutta, 1899. 

Government of India. 

„ List of Civil Officers holding gazetted appointments under the 

Government of India in the Home, Legislative, Foreign and Rev- 
enue and Agricultural Departments, corrected to ist July ibpp. 
8% Calcutta, 1899. Government of India. 

List of officers in the Survey and other Scientific Minor Departments 
subordinate to the Government of India in the Department of 
Revenue and Agriculture, corrected to 1st July, 1899 and ist 
January 1900. 8®, Calcutta, 1899-1900. 

Government op India. 

„ List of officers of the Geological Survey of India, corrected to ist July 
1899 aud ist Jauuary 1900. 8®, Calcutta, 1899. 

Government op India. 

„ Meteorological Department- 

Administration Report, 1898-99. 4°, Calcutta, 1899. 

India Weather Review. — Annual Summary, 1898. 4“, Cal- 
cutta, 1899. 

Monthly Weather Review. — December 1898 to September 

1899. 4®, Calcutta, 1 899. 

Rainfall Data of India, 1898. Fisc., Calcutta, 1899. 

Indian Meteorological Memoirs, Vol. VI, part 5, X, parts 2-4 
and XI, part I. 4®, Simla, 1898-98. 

, Report on the Administration of Andaman and Nicobar Islands for 
” 1899. Fisc,, Calcutta, 1899. 

Selections from the Records of the Government of India, Foreign De- 
partment, Nos. 365, 369 and 37l"373* Msc., Calcutta, 1899- 

1900. 

Madras.— Report on the Administration of the Government Museum and Conne- 
mara Public Library for 1897-98. Fisc., Madras, 1899. 

Madras Government. 

,, Annual administration Report of the Forest Department, Madras lie- 
sidency, for 1897-98. Fisc., Madras, 1899- 

Madras Government. 
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Madras.— R eport on the administration ofythe Madras Presidency for 1898-95. 
Fisc., Madras, 1899. 

Madras Government, 

Punjab. — Report on the Land Revenue administration of the Punjab for the 
agricultural year, ist October 1897 to 30th September 1898. 
F'lsc., Lahore, 1899. 

Punjab Government. 

„ Gazetteer of the Peshawar district for 1897-98. 8°, Lahore, 1898. 

Punjab Government. 

„ Gazetteer of the Kangra district. Parts II — IV. Kulu, Lahul and Spiti 
for 1897. 8°, Lahore, 1899. 

Punjab Government. 

„ Monograph on the Silk Industry of the Punjab for 1899. Fisc., Lahore, 
1899. 

Punjab Government. 

„ Report on the administration of the Punjab and its dependencies for 
1898-99. Fisc., Lahore, 1900. 

Punjab Government. 

„ Final report on the revision settlement of Dehra Gazi Khan district 
Fisc., Lahore, 1898. 

Punjab Government. 

„ Final report on the revised settlement of the Kula Sub-division of the 
Kangra district. Fisc., Lahore, 1898. 

Punjab Government. 

„ Final report of the revision of settlement 1892—99 of the Montgomery 
district, by P. J- Fagan. Fisc., Lahore, 1899. 


transactions, proceedings, etc., OF SOCIETIES, 
SURVEYS, ETC. 


Adelaide.— Royal Society of South Australia— 

Transactions, Vol. XXIII, parts 1-2. 8®, 1899* 


Albany.— New 


York State Museum- 

Annual Report, 49th, Nos. 1*2 and 50th, No. i. 8 and 


1897-98. 

Baltimore.— Johns Hopkins University— 

American Chemical Journal. 


Vol XX, Nos. 2-10, and Vol. 


XXI, Nos. 1-5. 8“, 1898-99. 

5, Journal of Mathematics. Vol XX, Nos. 2-4 and 
Vol. XKI, Nos. 1-2. 4°, 1898.99. 

Journal of Philology. Vol. XVIII, No. 4 and Vol. 
XIX, Nos. 1-4- 8®, 1897-98. 

Circulars, Vol. XVIII, Nos. 139-141- 4 ^ 1899. 

Studies in Historical and Political Science. Ser. XVI, Nos. l*ia 


and Ser. XVII, Nos. 1-5. 8“, 1898-99* 

Maryland Geological Survey. Vols. I-II. 8®, 1897-98# 
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Berlin,— Deutsche Geologische Gesellschaft— 

Zeitschrift. Band L, Heft 3-4, 41, Heft 1-3. 8°, 1899, 

„ K6nig. Preussische Akademie der Wissenschaften,— 

Abhandlungen, 1898. 4° 1898. 

Sitzungsberichte, Nos. 1-53. 8°, 1899. 

„ Konig, Preuss. Geol. Landesanstalt — 

Abhandlungen. BandX, Heft 6-7 and Neue Folge Heft 
25 and Atlas and Heft 29, 8°, 1898-99. 

„ K. Preussische Geol, Landesanstalt und Bergakademie Jahrbuch. 

1888-89, 1893, and 1895. 8°, 1889-96. 

„ Gesellschaft fur Erdkunde,-— 

Verhandlungen. Band XXVI, Nos. 2-io and XXVII, 

No. !• 8°, 1899-1900. 

Zeitschrift. Band XXXIII, No. 6 and XXXIV, Nos. 1-5* 
8®, 1899. 

BotoGNA.— R. Accad, delle Scienzedell* Istituto di Bologna. — 

Memoire. Series 5th, Tomo VI. 4®, 1896-97, 

Bomba'7. — Bombay Branch of the Royal Asiatic Society- 
Journal, Vol. XX, No. 55. 8®, 1899. 

„ Natural History Society — 

Journal. Vol. XII, Nos, 2-3. 8®, 1899. 

Bordeaux. — Societe Linn, de Bordeaux.— 

Actes. Serie VI, Tome I-IL 8®, 1897. 

Boston.— American Academy of Arts and Sciences— 

Proceedings, Vol. XXXIV, Nos. 2-23 and XXXV, Nos. 1-3. 
8®, 1898-99. 

„ Society of Natural History- 

Memoirs, Vol. V, Nos. 4-5, 4°, 1899. 

Proceedings, Vol. XXVIII, Nos. 13-16 and XXIX, Nos. 1-8. 
8®, 1899, 

„ The Metallographist, Vol. II. 8®, 1899. 

Breslau.— Schlesische Gesells. fur Vaterlandische Cultur. — 

Jahres— Bericht, No. 76* 8®, 1898. 

Brisbane.— Queensland Branch of the Royal Geographical Society of Austra- 
lasia— 

Proceedings and Transactions. Vol XIV. 8®, 1899. 

„ Royal Society of Queensland — 

Proceedings. Vol XIV. 8°, 1899. 

Bristol. -Museum and Reference Library — 

Report ending 30th September, 1898. 8®, 1900. 

,, Naturalists* Society— 

Proceedings. New Series, Vol IX, pt. i. 8®, 1899. 

Brussels. — Societe Royale Beige de Geographic — 

Bulletin. Annee XXIII, Nos. 5-6. 8®, 1899. 

„ Societe Royale Malacologique de Belgique— 

4th Series, Tofne XXXI., Fasc, 2 and XXXII-XXXIII. 8°, 1899, 



General Report for iSpp^rpoo. 


247 


Brussels. — Ministdre de L*industrie et du Travail — 

Bibliographia Geologica. Ser. A, Tome 1 and B Tome II* 8®, 

1899- 

Bucharest. — Mustului de Geologia si di Palaeontologia — 

Annarulii 1896. 8^ 1899* 

Budapest.— Hung. Nat. Museum. — 

Termeszetrajze Fuzetek. Band XXII, Heft 1-2. 8°, 1899. 

„ Kon. Ungar. Geol. Anstalt — 

Jahresberichte fur 1896 and 1897. 8®, 1898-99. 

General Register der Mittheilungen. Band I-X. 89 , 1898. 

„ Ungar. Geol. Gesellschaft. — Foldtani K 6 zl 5 ny. 

Band XXVIll, Nos. 5-12. 8% 1898. 

Buenos Aires. — Accademia Nadonal de Ciencias en Cordoba. — BoletiiuTomo 
XVI, No. I. 8®, 1899. 

Museo Nacional.r— 

Comunicaoiones. Tome I, Nos. 1-5. 8°, 1898-99. 

Anales. Tomo VI. 8°, 1899. 


Caen. — Societe Linn, de Normandie — 

Bulletin. Sdrie 5, Vol. I, Fasc. 2-4. 

Memoires. Vol. XIX, Fasc. 1-2. 4°, 1897-98. 

Calcutta. — Agricultural and Horticultural Society — 

Proceedings and Journal. Vol. XI, April — 

December, 1899. 8®, 1899-1900. 

„ Asiatic Society of Bengal — 

^ Vol, LXVIII, Part I, No. i. and extras 

>8®, 1899-1900. 


Journal 


^Vol, 

’ ( ” 
V. 99 


II, Nos. 1-4. 
Ill, No. I. 




Proceedings. Nos. 3-10, and extra No. u (1899), and Nos. i-2 
(1900). 8®, 1899-1900. 

Economic and Art Section of the Indian Museum- 
Annual Report for 1898-99. 8®, 1899. 

Geological Survey of India — 

Menfoirs. Vol. XXIX. 8®, 1899. 

Palaeontologia Indica. New Series. Vol. 1 , Arts i-2 and Series 
XV, Vol. I , Part 2 and Vol. Ill, Part i. 4% 1899. ^ 

General Report of the work carried on by the Geological Sur- 
vey of India from ist April, 1899 to 31st March, 1899. 8®, 
1899. 

Quarterly Notes. No. 4 (1898-99) and Nos. 1-3 (1899-1900). 
Fisc., 1899. 


Report of the Inspection of Mines in India for the year ending 31st 
December 1897. By James Grundy. FUc., 1898. 

Report of the Inspection of Mines in India for the year ending 3*st, 
December iSpS.By James Grundy. Fisc., 1899. 
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Calcutta. — Report of the Inspection of the Coal Mines belonging to the Assam 
Railways and Trading Co., Ld., Assam. By James Grundy, 
Fisc., 1899. 

„ Report on the Inspection of the Coal Mines in the Sor Range of 

hills near Quetta and at Mach. By James Grundy. Fisc., 1900. 
„ Report on the Inspection of the Mayo Salt Mines, Salt Rnngo 

Khewra, Jhelum District, Punjab, and of the other Salt Mines 
in the Salt Range. By James Grundy. Fisc., 1898. 

„ . Survey of India Department- 

Notes. March 1899 February 1900. Fisc., 1899-1900. 
General Report on the operations of the Survey of India 
Department during 18*97-98. Fisc., 1899. 

„ University of Calcutta. 

Calendar for 1899. 8°, 1899. 

Minutes for 1898-99. 8^,1899. 

Cambridge. — Philosophical Society — 

Proceedings. Vol. X, Parts 2-4. 8^ 1899. 

Transactions. Vol. XVII, Part 3. 8®, 1899. 

„ Woodwardian Museum.— Annual Report of the Museums and 

Lecture-rooms Syndicate, No. 33. 4®, 1898. 

„ University Library— 

Report of the Library Syndicate for the year ending 31st 
December 18 ^8. 4®, 1899, 

Cambridge, Mass.— Museum of Comparative Zoology — 

Annual Report of the Curator for 1898-99. 8°, 1899. 
Bulletin. Vol. XXXII, Nos. 9-10, and XXXIII-XXXV, 
Nos. 3-7. 8®, 1898-99. 

Memoirs, Vol, XX II I, No. 2. 4®, 1899. 

Canada — Hamilton Association — 

Journal and Proceedings. No. XV, 8°, 1899. 

Cape Town,— Cape of Good Hope, — Geological Commission — 

Annual Report for 1897. 4^ 1^98. 

Chicago. — Academy of Sciences. — Geological and Natural History Survey 

Bulletin. No. 2« 

Chicago.— Field Columbian Museum — 

Geological Series. Vol. 1, Nos. 2-6. 8^ 1897-99. 

Report Series, Vol. I, Nos. 3-4. 8®, 1897-98. 

Zoological Series. Vol. I, Nos. 6-7 and 11-15. 8®, 1897. 

Colombo.— Ceylon Branch of tho Royal Asiatic Society — 

Journal. Vol. XV, Nos, 48-49. 8®, 1898-99. 

Copenhagen, — Akademid Royale des Sciences et des Lettres — 

Bulletin. No. 6, 1898, and Nos. 1-5, 1899. 8®, 1898-99. 
Memoires. 6th Series, VoL IX, Nos. 1-3, and X, No. i. 4®, 
1898-99. 

Des Moines. — Iowa Geological Survey — 

Annual Report. Vols. VIII-IX. 8®, 1898-99. 
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Dresden. — Naturwissenschaftliche Gesellschaft Isis — 

. Silzungsberichte und Abhandlungen. Jahr. 1898, July bis, De- 
cember and Januar bis Juni, 1899. 1899. 

Dublin.— Rojal Irish Academy — 

Proceedings, 3rd Series, Vol. V, Nos. 1-3. 8®, 1898-99. 
Transactions^ Vol. XXXI, Part 7. 4®, 1899. 

„ Royal Dublin Society — 

Scientific Proceedings, Vol. VIII, Part 6. 8°, 1898. 

Scientific Transactions. Series II, Vol. VI, Parts 14-16, and 
VII, Part I. 4®, 1898. 

Edinburgh,— Geological Society — 

Transactions. Vol, VII, Part 4. 8®, 1899. 

„ Royal Scottish Geographical Society — 

Scottish Geographical Magazine. Vol. XV, Nos. 4-12, and XV 
Nos. 1-3. 8°, 1899-1900. 

Frankfurt A. M. — Senckenbergische Naturforschende Gesellschaft— 

Bericht, fiir 1898. 8®, 1898. 

Freiburg in Ba.den— Naturforschende Gesellschaft.— 

Berichte. Band XI, Heft i. 8®, 1899. 

Geneva.— Societe de Physik et d'His'.oire Naturelle— 

Memoires. Tome XXXI, Part 2, and XXXIII, Part 1. 4®, 
1892-98. 

Glasgow.— Memoirs of the Geological Survey of the United Kingdom.— The 
Silurian rocks of Britain, Vol. I, Scotland, by B. N. Peach and 
John Horn with Petrological chapters and Notes, by J. J. H. 
Teall, 8®, 1899. 

„ Glasgow University— 

Calendar for 1899-1900. 8°, 1P99. 

A Roll of the Graduates of the University of Glasgow from 
31st December 1727 to 31st December 1897 with short biblij- 
graphical Notes. 8% 1898, 

„ Philosophicfid Society. — 

Proceedings. Vol. XXX. 8°, 1899. 

G6ttingen.— Konigl. Gesellschaft der Wissenschaften. — 

Gcschaftliche Mittheilungen. Heft 2 (1898) and Heft i (1899)* 
8®, 1899. 

Mathematisch-Physikalische Klasse, Heft 1-2 (1899). S®, 1899. 
Halifax. — ^Xovascotian Institute. — 

Proceedings and Transactions. Vol. IX, part 4. 8®, 189S. 
Halle. — K. Leop. — Carol. Deuts, Akad. der Naturforscher. — 

Abhandlungen. LXX-LXXI. 4®, 1898, Leopoldina. Heft 
XXXIV. 4®, 189^. 

Naturforschende Gesellschaft zu "Halle. — 

Abhandlunge. Band XXI, Heft i — ^4. 4°, 1898. 

Helsingfors.— Societe de Geographic de Finlande.— 

Meddelanden. Vols. I-IV. 8®, 1892-99, 
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Helsinofors. — Commission Geologique de Isl Finlande. 

Bulletin. Nos. i-io. 8®, 1895-99. 

Indianapolis. — Indiana Academy of Science. — 

Proceedings. 1894. 8°,- 1895. 

M Indiana Department of Geology and Natural Resources-*22nd 

and 23rd Annual Report, 8®, 1898-99. 

K6NIGSBERG.— KSnig. Phys.— Okon. Gesellschaft. 

Schriften. Vol. XXXIX. 4% 1898. 

Lausanne.-- Soc. Vaudoise des Sciences Naturelles.— 

Bulletin, 4th Series, Vol. XXXIV, No. 130 to Vol. XXXV, 
No. 132. 8°, 1898-99. 

LAWRENCE.-Kansas University.— Quarterly. Vol. VII, No. 4 and Vol. VIII, 
Nos. 1-3. 8®, 1898-99. 

Leeds. — Yorkshire College.— 

25th Annual Report. 8®, 1899. 

Leiden.— Geologische Reichs-Museutn. — 

Sammlungen. Band V, Heft 6 and VI, Heft i. 8®, 1899. 
Lbipzig.—K. Sach. Gesells. der Wissenschaften. — 

Abhandlungen. Band XXV, Nos. 1-7 and XXVI, No. i, 
8®, 1899-1900. 

Berichft fiber die Verhandlungen. Band L. Nos. i-6 and LI, 
No. I. 8®, 1899. 

„ Verein ffir Erdkunde.— 

Mittheilungen, 1898. 8®, 1899. 

Wissenschaftliche Veroffentlichungen, Band III, Heft 3 and 
IV. 8®, 1899. 

Liege.— S oci 4 t 6 G6ologique de Belgique.— Annales, Tome XXVI, livr2-3, and 
XXVII, livr I. 8®, 1898-1900. 

Ltlle.— Soci^t 4 G^ologique du Nord.— Annales. Vol, XXVI. 8®, 1898. 
Lisbon.— Travaux Geologiques du Portugal— 

Communicacoes da Direccao. Tome III, Fasc, 2. 8°, 189O-98. 
Liverpool. — Literary and Philosophical Society — 

Proceedings. Vol. LI I. 8°, 1898. 

London.— British Association for the Advancement of Science. Report of the 
68th meeting held at Bristol in 1898. 8®, 1899, 

„ British Museum (Natural History) — 

The Genera and Species of Blastoidea with a list of the speci- 
mens in the British Museum (Natural History). By F. A. 
Bather. 8°, 1899, 

„ Chemical Society— 

Journal. Vols. LXXV-LXXVI, No. 436, to Vols. LXXVII- 
LXXVIII, No. 448, 8°) 1899-1900. 
n Geological Societ)^ — 

Geological Literature added to the Geological Society’s Library 
during the year ended 31st December 1898. 8°, 1899-1900. 



General Report for i8gg-igoo. 


List of Members for ist November 1899. 8°, 1899. Quarterly 
Journal. Vol. LV, Parts 2-4.. and LVL Part i . 8®, 1899-1900. 
London.— Geological Survey of the United Kingdom — 

Summary of Progress for i898# 8®, 1898. 

„ Iron and Steel Institute — 

Journal. Vol. LIV, No. 2 and LV, No. i. 8°, 1899. 

List of Members 1899. 8®, 1899. 

„ Linnean Society — 

r Botany, Vol. XXXIII, No. 234, to XXXIV, No. 239 . 
Journal ] Zoology, Vol. XXVI, No. 172, to XXVII, No. 177. 
L 8", 1898-99. 

Proceedings November 1897 to June 1898. 8°, 1898. 

r Botany. 2nd Ser., Vol. V, Nos. g-io. 
Transactions s Zoology. 2nd Ser., Vol. VII, Nos. 5-8. 4°, 
C 1898-99. 

List of Fellows for 1898-99. 8°, 1898. 

„ Royal Geographical Society- 

Geographical Journal. Vol. XIII, Nos. 4-6, XIV, Nos. 

and XV, Nos. 1-3. 8®, 1899-1900. 

Yearbook and Record for 1899- 8®, 1899. 

,, Royal Institution of Great Britain — 

Proceedings. Vol. XV, Part 3. 8®, 1899- 

„ Royal Society- 

Proceedings. Vol. LXIV, No. 404, to Vol. LXV, No. 418. 8® , 

1 898- 99. 

Philosophical Transactions. Ser. A, Vols. 189 — 191, and B, 
Vols. 188—190* 4°. 1897-98. 

List of Members for 1898. 4®, 1898. 

„ Society of Arts — 

Journal. Vol. XLVII, No. 2417, to Vol. XLVllI, No. 2468. 8®, 

1899 — 1900. 

„ Zoological Society— , « ^ «« a 

Proceedings. Part 4 (1898). and Parts 1—3 (18^). 8 , 1899. 
Transactions. Vol. XV, Parts 2 — 4. 4®, 1899* 

List of Fellows corrected to 31st May 1899. 8®, 1899. 

Madrid.— Sociedad Geografica.— Boletin. Tomo XL, Nos. 10—12, andXLIV, 
Nos. 1-4. 8®, 1899. 

Manchester.— Geological Society— oo .o q ^ 

Transactions. Vol. XXVI, Parts i— 12. 8 , 1898-99* 

Literary and Philosophical Society— 

Memoirs and Proceedings. Vol. XLIII, Parts 1—5, andXLIV, 
Part I. 8®, 1898-igoo. 

Macon.— L’ Institut Colonial de Marseille— « 

Annales. Annde 6, Vol V, Fasc. i. 8 , 1898. 
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Marseille.— Faculte des Sciences— 

Annales. Tome IV, Fasc. 1-2; V, Fasc. i j VI, Fasc. 4-65 VIlI, 
Fasc. 1-5; and IX, Fasc. 1-5. 4°, 1899. 

Melbourne. — Dept, of Mines and Water-supply- 

Annual Report of the Secretary for 1898, Fisc., 1899. 

„ Royal Society of Victoria — 

Proceedings. New Series, Vol. XI, Part 2. 8’, 1899. 

Mexico. — Institute Geoldgico de Mdxico — 

Boletin. No. ii. 4®, 1898. 

Milan. — Soc. Italiana de Scienze Naturali — 

Atti. Vol. XXXVIII, Fasc. 1-3. 8®, 1899. 

M ODENA. — Societa Sismologica Italiana— 

Bolletino. Vol. IV, No. 8, to Vol. V, No. 5. 8°, 1899. 

Moscow. — Societe Imperiale des Naturelistes — 

Bulletin, Annde 1898, Nos. 2-4, and 1899, No. i. 8°, 1S98-99. 

Munich.— Konig. Bayerische Akad. der Wissenschaften— 

Abhandlungen, Band XiX, Abth 3, and XX, Abth i. 4®, 1899. 
Sitzungsberichte. 1899, Heft i»2. 8®, 1899. 

OfEenilichen Sitzungsberichte. 1896—98, 8®, 1897-98. 

Neuchatel, — Soci6t6 des Sciences Naturelles de Ncuchatel — 

Bulletin. Tome XXI -XXV. 8^,1893-97. 
Newcastle-upon-Tynb. — North of England Institute of Mining and Mechanical 
Engineers — Annual Report. 1897-98. 8®, 1898. 

Transactions. Vol. XLVII, Parts 6-7, and XLVIII, Parts 1-4, 
8% 1898-99. 

„ Institution of Mining Engineers— 

Transactions. Vol. XVI, Parts 4—6, XVII, Parts 1—4 and 
XVIII, Parts 1-3. 8®, 1899. 

New Haven.— Connecticut Academy of Arts and Sciences — 

Transactions. Vol. X, Part i. 8®, 1899. 

New York.— Academy of Sciences — 

Annals. Vol. X, Nos. 1-12 ; XI, Nos. 1-3; and XII 
No. I. 8®, 1898-99. 

„ American Museum of Natural History— 

30th Annual Report. 8°, 1899. 

Bulletin. Vols. X and XI, Part i, 8®, 1898. 

Ottawa,— Geological Survey of Canada- 

Annual Report. New Series, Vol. X. 8°, 1899. 

Contributions to Canadian Palaeontology, Vol. IV, Part i. 8’, 
1899* 

„ Royal Society of Canada — 

Proceedings and Transactions, 2nd Series, Vol. HI. 8®, 1897. 
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OxroRD.— University — 

Catalogue of books for 1899. 4 °j 1900. 

Para.— Museu Paraense de Historia Natural E. Ethnographia— 

Boletim. Vol. I, Nos. 2-4, and II, No. 4. 8®, iSqS-QP* 

Paris. — Department of Mines — 

Annales. Tome VII, livr 2. Ser, IX, Tome XIV, livr 12, XV, 
livr 2, to XVI, livr ii, and XVII, livr i. 8°, 1895-1900. 
Tables des Matieres. 1882-91. 8°, 1893. 

„ Ministere des Travaux Public- 

Bulletin des Services de la Carte Geologique de la France et 
des Topographies Souterraines. Tome X, No. 64, to XI, No. 
70. 8°, 1898-99. 

„ Museum d’Histoire Naturelle— 

Bulletin. Annde, 1898, Nos. i-6. 8®; 1898. 

„ Soci^td de Geographie— 

Bulletin. 7th Series, Tome XVIII, No. 4 » Nos. 1-4- 

8®, 1899. 

Comptes Reudus des Stances. 1899, Nos, 1-7, 8°, 1899. 

„ Socidtd Franpaise de Mineralogie— 

Bulletin. Tome XXI, No. 8, and XXII, Nos. 1-7- 8®, 1899. 


„ Socidtd Geologique de France— 

Bulletin. 3me Serie, Tome XXVI, Nos. 5 "^* XXVII, 
Nos. 1-2. 8°, 1898-99. 

„ Catalogue de la Bibliotheque et des Collections de Feu Crosse. 8°, 1899. 

Penzance. — Royal Geological Society of Cornwall— 

Transactions. Vol XII, Part 4. 8°, 1899. 

Perth.— Geological Survey, Western Australia- 

Annual Progress Report for 1898. Fisc., 1899* 

Bulletin. Nos. 1-3. 8°, 1898-99. 

Philadelphia. — Academy of Natural Sciences 

Journal, ,2nd Series, Vol. XI, Part 2. 4° » 1899* 

Proceedings. Parts 2-3 (1898), and Part i-2 (1899). 8®, i 898 - 99 ‘ 
American Philosophical Society — 

Proceedings. Vol. XXXVII, No. 158, to XXXVIII, No. 159. 
8°, 1898-99. 

Transactions. New Series, Vol. XX, Part 1. 4 ^ 9 1899* 

„ Franklin Institute— ^ , 

Journal. Vol. CXLVII, Nos. 3*6; CXLVIII, Nos. i-6;and 
CXLIX, Nos. i-a. 8®, i 899 -i 900 * 

Wagner Free Institute of Science— 

Transactions. Vol. III. Part 4 and Vol. V. 8°. 1898-99. 

Pisa.— Soc. Toscana de Scienze Natarali— 

Process! Verbal!. Vol. XI, pp. 103-177 and XII, PP- 1-28. 
8®, 1899-1900. 
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Prao. — N aturwissenschaft liche Landesdurchforschung von Bohmen — 

^Band II, abth II, theil 1-2. 

M III» 99 » 99 ^" 3 * 

„ IV, Hos. 1-2, 4, 6, and atlas to No. 2. 

>9 V, ,, 1-3 and 5* 

Archie ■! ” j ^ 

„ VII, „ 2-4 and atlas to No. 6. 

„V 1 II, „ 5. 

„ IX, „ I, 3, and atlas to No. 6. 

„ X, „ 4 and atlas to No. i. 

99 XI9 99 4 * 8®, i 874 ‘' 9 ^* 

Pretoria.— Report for the year ending 31st December 1898 as presented by tbe 
State Mining Engfineer to the Government of the South African 
Republic. Fisc., 1899. 

Ri o-DE- J AN EiR 0 .—I mperial O bservatory . — 

Annuario. Anno XV. 8°, 1899. 

Rochester. — Geological Society of America. — 

Bulletin. Vol. IX. 8®, 1898. 

Rome.— Reale Accademia dei Lincei. — 


Rendiconti. Series V, Sems I, Vol. VIII, Fasc. 5 — 12. 

„ II, „ VIII, „ 1-12. 

99 Ij 99 IX, „ I 4* 

8°, 1899-1900. 

Rendiconto. Anno CCXCVI. 4®, 1899. 

„ R. Comitato Geologi CO d’ Italia — 

Bollettino. Vol. XXIX, Nos. 3-4, and XXX, Nos. 1-3. 

8®, 1898-99. 

„ Societa Geologica Italiana — 

Bollettino. Vol. XVII, Fasc. i — 4, 8®, 1898. 

Saigon.— Economique d’ 1’ Indo-Chine — 

Bulletin. Annde I, Nos. I to III, Nos. 20. 8°, iSgS-iQOa 
Salem, — American Association for the Advancement of Science. 

Proceedings. Vol. XLVII. 8®, 1898, 

„ Essex Institute — 

Bulletin. Vol. XXVII, Nos. i-6, and XXIX, Nos. 7- 12. 

8®, 1895-98. 

San Francisco.— California Academy of Sciences — 

Proceedings. 3rd Series, Vol. I, Nos. 4-6. 8°, 1898-99. 
Shanghai.— China Branch of the Royal Asiatic Society — 

Journal. New Series, Vol. XXX. 8®, 1899. 

Singapore. — Straits Branch of the Royal Asiatic Society — 

Journal. No. 32. 8®, 1899. 

Stockholm. — Kong. Svenska Vetenskaps Akademiens — 

Bihang. Band XXIV, Nos. 1-4. 8®, 1899. 

Handlingar. Vol. XXXI. 4®, 1898-99. 

Ofversigt. Band LV. 8®, 1899. 

Meteorologiska. Band XXXV-XXXVI. 4°, 1898. 
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Stockholm. — Sveriges Geologiska Undersokmng — 

Afhandlinger, Ser Aa 114, Ac 34, Ba No. 5, C, Nos. 162, 176- 
179, and 181-182. 4® and 8°, 1896-99. 

,9 Upsala Universitels Mineral ogisk-Geologiska Institution. — 

Meddelanden. Nos. 23-24. 1898-99. 

St. Petersburg. — Academic Imperiale des Sciences — 

Bulletin. Serie V, Vol. VUI, No. 5, IX, Nos. 1-5, and 
Nos. 1-4. 8°, 1898-99. 

Memoires. Vol. VIII, No. 1. 4% 1898. 

„ Comite Geologique. — 

Bulletin. Tome XVII, Nos. 6-10, and XVIII, Nos. 1-2. 

8®, 1898-99. 

Memoires. Vol. VIII, No. 4, and XII, No. 3. 4 °. 1898-99* 

„ Russ. Kais. Min. Gesellschaft — 

Materialen Zur Geologic Russlands. Band XIX. 8°, 1899. 
Verhandlungen. Serie 2, Band XXXVI, Lief, i -2, and XXXVII, 
Lief. I. 8°, 1899. 

SIDNEY. — Australian Museum — 

Memoirs. Vol. Ill, Parts 7-8, and IV, Part i. 8°, 1899* 
Records. Vol. Ill, Nos. 5-6. 8% 1899. 

Report of the Trustees for 1899, Fisc., 1899. 

„ Geological Survey of New South Wales. — 

Memoirs. Ethnological Series, No. 1. 4®, 1899* 

Records. Vol, VI, Parts 2-3. 4®, 1899. 

„ Linnean Society of New South Wales. 

Proceedings. Vol. XXIIl, Part 4, and XXIV, Parts i 3 - 
8®, 1898-99. 

„ Royal Society of New South Wales. — 

Journal and Proceedings. Vol. XXXII. 8®, 1899. 

„ Department of Mines and Agriculture. — 

Mineral Resources. Nos. 1-6. 8°, 1898-99. 

Annual Report for 1898. Fisc., 1899, 

„ Australasian Association for the Advancement of Science.— 71^ 
Meeting held at Sydney. 8°, 1898. 

Tokio. — College of Science, Imperial University- 

Journal. Vol. XI, Parts 2-4. 8 °, 1899* 

„ Deutschen Gesellschaft fur Natur.— und Volkerkunde Ostasiens.— 
Mittheilungen. Band VII, Theil 2-3. 8®, 1899. 

Topeka.— University Geological Survey of Kansas— 

Vols. Ill— IV. 8 °, i 8 g 8 . 

„ Annual Bulletin on Mineral Resources of Kancas 
for 1897, 8®, Lawrence, 1898. 

Toronto. — Canadian Institute-- 

Proceedings, Vol. II, Part i. No. 7, and Vol. II, Part 2, No. 8. 
8°, 1899. 

Transactions, Vol. V, Part 2, No. 10. 8°, 1898. 
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Turin.— Reale Accademia della Scienze — 

Atti. Vol. XXXIV, disp. 5-15. 8 % 1899. 

Memorie. 2nd Series. TomeXLVIll. 4®, 1899. 

Osservazioni. Anno, 1898. 8^ 1899. 

Upsala.— Geological Institution, University of Upsala — 

Bulletin. Vol. IV, Part i, No. 7. 8°, 1899. 

Venice. — R. Istituto Veneto de Scienze Lettre ed Arte.— 

Atti. Sene VII, Tome LVII, Serb VIII, Tome LVIII, Disp 
1—4 and LIX, Disp i. 8®, 1898-99. 

Vienna.— K. Akad.der Wissenschaften — 

Denkschriften. Band LXV, LXVI, Theil 1—2 and LXVII, 
4^ 1898-99. 

,’Abth. I, heft 6-10 
Sitzungsberichte, Band »» IIfl» »> 3 — 10 

CVIL w 4—10 

^ „ III, „ I— 10 

8®, 1898. 

„ K. K. Geographische Gesellschaft— 

Mittheilungen. Vol. XLI. 8°, 1898. 

„ K. K. Geol . Reichsanstalt — 

Jahrbuch. Band XLVIII, Heft 2— 4. and XLIX, Heft i. 8° 
1898-99. 

Verhandlungen. Nos. 1-18. 8®, 1899. 

„ K, K. Nat. Hist. Hofmuseum— 

Annalen. Band XIII, Nos. I -3. 8®, 1898. 

W ashington.— Smithsonian Institution— 

Smithsonian Miscellaneous Collections. Nos. ii;o, 1171, and 
1173- 8®, 1899. 

Annual Report for 1896 and 1897. 8°, 1898. 

,, United States Department of Agriculture- 

North American Fauna. Nos. 14 and 15. 8®, 1899. 

Yearbook. For 1896*98. 8°, 1897-99. 

Washington. — United States Geological Survey — 

Annual Report i8th and 19th, Parts i, 4, and 6. 4°, 1897. 
Bulletin, Nos. 88, 89, and 149. 8®, 1897-98, 

Monographs, Vols. XXIX9 XXX, XXXI, with atlas, and 
XXXV. 4°, 1898. 

„ United States National Museum — 

Bulletin, Nos. 1-27, 29-31, 39, Parts H K and 47, Parts 
2-3. 8®, 1875-98. 

Proceeding, Vols XVIII, XX, and XXI. 8®, 1896-99. 

„ National Academy of Sciences — 

Memoirs, Vol. VIII, 2nd and 3rd Memoirs. 4°, 1899. 
Wellington. — New Zealand Institute. — 

Transactions and Proceedings, Vol. XXXI. 8®, 1899. 

32nd Annual Report of the Colonial Laboratory, 8®, 1899- 
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York. — Yorkshire Philosophical Society- 

Annual Report for 1898. 8°, 1899. 

Zurich. — N aturforschende Gesellschaft — 

Neujahrsblatt, Ci. 4°, 1899* 

Vierteljahrschrift, Band XLlIl, Heft i — 4 .. 8", 1898. 

MAPS. 

PumPKST. — Hungarian Geological Institute — 

Geologische Special karte der Lander der Ung Krone. Die Gogcnd 
von Nagybanya, Zone 15, Col. XXIX. 1® : 75,000. Fol., 1898. 
„ Lagerstatten von Edelmelallen Erzen, Eisensteinen, etc., 

Fol., 1898. 

Paris. — Ministers Travaux Publics — 

Carte Geologique detaillee dela France. Sheet Nos. 53, 98, 
125, iS4» iQOf and 213. Fol., Paris, 1898-99. 

Perth. — Geological Survey, Western Australia — 

Geological Map of Coolgardie (2 copies). Fol., Perth, 1899. 

„ Topographical Map of Menzies, North Coolgardie Gold Field# Fol., 
Perth. 

„ Geological Sketch Map of the country between Cue, Peak Hill, and 
Menzies. Fol., Perth, 1898-99. ♦ 

Stockholm,— Sveriges Geologiska Undersokning— 

Ser Aa No. 114, Ac. Ba., No. 5. Fol, Stockholm, 1897-98. 
Vienna. — K, K. Geol Reichsanstalt — 

Geologische Kart e der im Reichsrathe vertretenen Konigreiche 
und Lander der Oesterreichisch-Ungarischen Monarchic, 
Zone VI, Col 17, Zone VII, Col. 16. 

,, VI 11, ,, 99 IX „ 16. 

,, X, ,, i4> 99 XX I, ix*i3* 

1 : 75000. Fol, 1898. 


S 
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Appendix 11. 

The Inspector of Mines in India. 

The annual report, which the Inspector of Mines should submit for the 
Calendar year 1899, has not been sent in up to date, but 
Mr. Jambs Grundy. Office Records show that during 1899, mines were ins- 
pected in Bengal, the Punjab and in Baluchistan. The total number of days 
on which inspections were actually made, was only 77, whereas 82 days were 
spent either on office work in camp, or travelling to and from head-quarters. 


Calcutta s 
The 31st March 


1900, 1 


C. L. GRIESBACH, Director, 

Geological Siii'vey of India. 


C, Ii Cl Pi Oi— N«. 3 D. G. Sorvey.-28^igoo.-6oo. 
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Artist. 

H. B. W. Garrick, 

Assistant Curator. 

T. R, Blyth. Appointed Assistant Curator from 13th February 1901. 

Registrar. 

A. E. MacA. Audsley. 


Inspector of Mines in India. 

James Grundy. On leave on Medical Certificate from the 2nd October 1900. 



GENERAL REPORT 

ON THE WORK CARRIED ON BY THE 

GEOLOGICAL SURVEY OF INDIA 


FOR THE PERIOD FROM THE 1ST APRIL 

1900 

TO THE 3 1 ST MARCH 

1901. 


Part L— HEAD-QUARTER NOTES. 

^ During the twelve months under report, I 

earned out the following tours 

(1) During July to Darjeeling accompanied by Mr.T. H. Holland, 

to examine with a Committee of Engineers the landslip 
which occurred on the 1 5th of that month. 

(2) From the 13th October to the 24th November to the Madras 

Presidency. The object of this tour was the inspection 
of the work carried on in the Waindd district and 
Mysore by Messrs. Hayden and Stonier and Dr. Hatch, 
respectively. 

I. — Museum and Laboratory. 

Mr. T. H. Holland was in charge of the Curator's office the entire 
twelve months, and has been single-handed 
Curator, throughout the year owing to the absence of 

the Museum Assistant in Paris. The work of determining specimens 

B 
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Museum work* 


Mysore rocks. 


sent to head-quarters has, however, been kept up to date and a 
satisfactory amount of progress made in the 
museum work. Amongst the specimens of inter- 
est, which have been acquired during the year, we are indebted 
to the Trustees of the British Museum for a set of duplicates of rock 
specimens collected in the Transvaal by Dr. F. H. Hatch. They are 
of value to us on account of the similarity which has been known in a 
general way to exist between the South African rocks and some of 
the older unfossiliferous formations of Peninsular India. 

To the continued interest of a previous Superintendent and 
Curator, Mr, F. R. Mallet, we are indebted for a donation of artificial 
langbeinite, and an interesting series of American specimens, includ- 
ing the remarkable rock, topaz-rhyolite, and the mineral plattnerite. 

The Mysore Geological Department has presented a specimen 
of a remarkable rock which was found by 
Mr. Hdiland when on deputation in the Mysore 
State in 1898, and has been made the subject of a special study, of 
which an account will shortly appear in the Memoirs. 

Amongst the collections made by the survey officers during the 
year, a series of gold-bearing quartz specimens and associated rocks 
was obtained by Dr. F. H. Hatch in the Kolar gold-field, their descrip- 
tions being published as an appendix to his memoir on the latter. 

Whilst examining some specimens from the neighbourhood of 
_ , . ^ the Raniganj coal-field, Mr. Holland detected 

rocks similar to the well-known anorthosites 01 
Canada, and subsequently, in company with Mr, E. Seymour Wood 
of the Bengal Coal Company, verified the existence of the series 
on the south bank of the Damuda river. These rocks form a very 
interesting addition to the hypersthene-bearing members which are 
so remarkably abundant amongst the Peninsular crystallines. 

The Paris Exhibition, at which this Department was represented 
by a fine series of rocks and minerals illustra- 
ting the economic geology of India, closed on 
the I5tli November 1900, and the collections, which were throughout 
undeir the charge of Mr. T. R. Blyth, the Assistant Curator of the 
Geological Museum, were at once packed and returned to India. 
A certain number of specimens, of which we possess many dupli- 
cates, were presented to institutions and museums in Europe. The 
exhibition awarded the Grand Prix with gold medal to the Depart- 
ment, >vhUst several private contributors to the exhibits of the 


Paris ExhibiHon. 
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Geological Survey received silver medals, and Mr. Blyth was granted 
a special gold medal. 

Mr. Blyth rejoined the department from deputation on Ihe jtb 
March 1901. 


2. —Palaeontological work. 


A very large number of fossils were collected during the year, 
in Sind, the Salt range and Himalayas by 
Drs. Noetling and von KraSt, and in Burma by 
Messrs. La Touche and Datta. 


Collections* 


{a) Descriptive work in India* 

Dr. F. Noetling was engaged during the cold season of igoo-^ 
.n ^ .t ^ I go I. in editing his description of the Miocene 
fossils of Burma, and m determining the large 
collections of tertiary fossils which he had obtained during the 
preceding field season in Sind. Most of the time was devoted to the 
study of the fossils of the Nari beds of the neighbourhood of Lakki, 
which Dr. Noetling identifies as the zone of Cerithium sp* Expatagus 
rostratusy d’Arch., and Echinolatnpas discoideus^ Dun, 

An interesting discovery is that of the occurrence of true Belem- 
nites, which Dr. Noetling found in great numbers in lower eocene 
beds near Jhirrak in Sind. 

Dr. von Krafft continued the description of the lower trias 
Dr.vonKrafft<?» fossils from the Himalayas and he has adopted 
trios of the Himdlayas* NoetUng's views ^ with regard to the age of 

the lower Otoceras beds. The collections of lower trias fossils, which 
he is describing, have largely increased since the cold season of iSgg 
to 1900, Dr. Noetling having brought many specimens from the 
Shalshal cliff, while Dr. Krafft himself found red limestones with 
lower triassic Cephalopoda among the ^'exotic blocks" of Johar. 
For this reason the material, worked out previously, had to be re- 
examined. The most prominent genus, Meekoceras^ with 26 species, 
is now fully described, the rest is partly worked out and will, it is 
hoped, be finished in a few months. 


1 See page 28 of this report. 
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The limestones above the Productus shales ** include five 
different faunas, following each other in descending order as 
follows 

Horizon of Sibirites^ sp. 

„ „ Flemingites rohilla. 

„ „ Meekoceras^ n. sp. 

„ „ Ophiceras sakuntala. 

„ „ Otoceras ivoodwardi. 

Of these the lowest one should be included in the permian. 
This appears indicated owing to Medlicottia dalailamas being indis- 
tinguishable from M. voynnei of the upper productus limestone of 
the Salt range and also owing to the fact that Xenaspis carbonaria 
and Cyclol&bus oldhami^ both species of the uppermost middle 
productus limestone,* occur only 20 to 30 feet below the layer with 
Otoceras. Whether the horizon of Ophiceras sakuntala is triassic 
or not, cannot be decided so far, but the horizon of Meekoceras 
nov. sp., certainly is. The horizon of Sibirites^ n. sp. unfortunately 
represented by a few fossils only, was discovered among Mr. Smith's 
Byans collections, had so far been unknown from the Himalayas. 
It corresponds to the upper Ceratite limestone of the Salt range 
(zone of Stephanites superbus). 


(b) Descriptive work in Europe. 

As in previous years the Department received assistance from 
European Palaeontologists, who described several of our collections 
for publication in the Palaeontologia Indica. The following gentle- 
men were at work during the year 

In England^ 

Dr. F. L. Kitchin, f.g.s., 

Geological Survey of England > Jurassic Lamellibranchiata 
and Wales. j of Cutch. 

' General Report, 1899-1900, p. 182. Cyclolobus oldhami was found by 
Waagen together with Xenaspis carbonaria. Pal. Ind,, Ser, XIII, Vol. I, p. 37. 
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Ih Aus£ria>^ 

Prof. Dr. Uhlig, 
University of Vienna. 


! 


Jurassic fossils of the 
layas. 


Hi ini* 


in France-^ 

Prof. R. Zeiller, ") 

^)cole Nationale Sup^rieure >Gondwana Fossils, 
des Mines. J 

Professor E. Suess has again taken upon himself the responsi- 
ble task of superintending the work done in Austria, and he arranged 
for the publication of the plates which are to illustrate the reports. 
Dr. Henry Woodward, F.R.S., Keeper of the Geological Department 
of the British .Museum (Natural History), has promised similar assis- 
tance with respect to the palaeozoic collections of the Himilayas, but 
up to date it has been impossible to find an English Palaeontologist to 
take up this particular series of fossils. Dr. W . T. Blanford, F.R.S., 
has also rendered valuable assistance in this direction, and has 
generally superintended the work done in England for the Depart- 
ment. 


3.— Publications. 

The following publications were issued during the past twelve 

months : — . 

General Report on the work carried on by the Geological Survey 
of India from the ist April 1899 to the 31st 

General Report. . ^ 

March igoo. 

Memoirs, Vol. XXVIII, pt. 2.~The Charnockite Series, by T. H. 
Holland, on the 13th August 1900. 

Memoirs. 

Ditto Vol. XXX, pt. I.— List of Aftershocks of the Great 
Earthquake of 12th June 1897, by R. D. 
Oldham, on the 6th April 1900. 

Ditto ditto, pt. 2.— Geology of the Neighbourhood of 
Salem,Madras Presidency, byT. H. Holland, 
on the 6th December 1900. 
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Memoirs, XXXIII, pt. i.~The Kolar Gold-field, by F. H. Hatch, 

on the 7th March 1901. 

Palaeontologia Indica, Series IX, Vol. II, pt. 2.— Corals of Cutch, 
Palooraotogia Indica. Gregory, on the 13th July 1900. 


Ditto Series IX, Vol. Ill, pt. i.— Brachiopoda of Cutch, by 
F.L. Kitchen, on the 28th September 
1900. 

Ditto Series XV, Vol. Ill, pt. 2.— Xrias Brachiopoda, by 

Dr. Bittner, on the 13th July 1900. 
Owing to the illness of Mr. J. Grundy, the Inspector of Mines, 
Sepori of Inspector his report for the calendar year 1899 to be 
Cf Mines. compiled by Mr. G. F. Reader, and was delayed 

until February 1901. 


The additions to the library, during the year 1900 to 1901, 


Library. 


amount to 2,146 volumes, of which 917 were 
acquired by presentation and 1,229 by purchase* 


Part II.— FIELD PARTIES. 

During the year ending the 31st March 1901 
Distribution of officers, the officers of the Department were distributed 
as follows 


Superintendents. 

Mr. T. H. D. LaTouche , At head -quarters until the 14th October 

1900; then in Madras Presidency in 
connection with the water-supply of 
Guntur, and afterwards in northern 
Shan States. 

„ C. S. Middlemiss . At head-quarters until 7th June 1900 . 

then furlough for 18 months. 
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Depute 

' Superintendents. 

Mr. P. N. Bose 

• • 

At head-quarters until loth October 
1900; then Assam. 

„ T. H. Holland 

• • 

At head-quarters until i8th March 1901 ; 
then Punjab. On short deputation to 
investigate Darjeeling landslip during 
July 1900. 

„ P. N. Datta 

« • 

At head-quarters until i6th October 
1900; then northern Shan States. 

„ F. H. Smith 

, . Head-quarters till i8th May 1900 ; thea 

furlough for i8 months. 

Assistant Superintendents. 

Mr. H. H. Hayden 

• • 

Head*q«iarters till I5tli May 1900 ; then 
in the Waindd District. 

„ E. Vredenburg 

• • 

At head-quarters during the rainy sea- 
son ; posted to Baluchistan from the 
13th November 1900. 

Dr. T. L. Walker 

• • 

At head-quarters until 26th October 

I goo ; then in the Vizagapatam District. 

„ A. von Krafft 

. . In Kumaontill i6th October x<goo; then 

at head<quarters. 

Paleontologist. 

Dr. Fritz Noetling 

• • 

Head-quarters up to i6th June igoo; 
afterwards Gharwal Himalayas ; re- 
turned on the 26th October, and 
remained at head-quarters till February 
1901; proceeded to northern Shan 
States. 
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Mr. G. A. Stonier • 


„ G. F. Reader , 


Dr. F. H. Hatch 


Lala Hira Lai 
I, Kishen Singh . 


Mr. T, R, Blyth 


In the Wuntho District, Burma, till 3rd 
June 1900; at head-quarters, Calcutta, 
from the 4th to 25th June igoo; then 
in the Waindd District, Madras, till 
7th November 1900 ; afterwards in the 
Jherria coal-field, Bengal. 

At head«quarters till 4th October 1900, 
when he was appointed officiating 
Inspector of Mines, and engaged in 
numerous inspections till 12th March 
1901,00 which date he died when on 
tour. 

Hyderabad, Deccan, Mysore and the 
Wainid District, Madras ; head-quar- 
ters and short tour in Bengal. 


Sub- Assistants. 

• Head-quarters, Museum. 

. Wuntho District, Burma, and the WainSd, 
Madras. 


Assistant Curator. 

. On deputation to Paris in charge of 
exhibits ; returned to head-quarters 
7th March igoi. 


The surveys, as far as practicable, were divided into purely 
DivUionofwork. scientific and economic inquiries. 
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A.-ECONOMIC ENQUIRIES. 

1.— Gold. 

Burma* 

The investigations in the auriferous area of the Wuntho District 
Mr. g. a. Stonier. were continued during the hot weather of 1900 
Lala Kishbn Singh. until the heavy rains set in which stopped field 
work in June. 

The most important fact ascertained during the latter part of 
the investigations in Wuntho, appears to be the occurrence of gold 
in cupriferous quartz-reefs, which are found in the granitic area 
north of Baumauk. A reef which has been specially reported on 
is said to contain g dwts. of gold to the ton of quartz. The fact is 
important, as it was hitherto believed that, at least in the Chouk- 
pazat and Wuntho areas, quartz-reefs in granite are generally non- 
auriferous. 

Wainid. 

As the result of a preliminary survey of the more important 
quartz-veins of the south and south-east 
G.’ a.‘^on?hr,‘ Wain4d,^ which Mr. Hayden made last year, it 

Dr. f. h. Hatch. decided to submit two of the mines that 

Lala Kishbn Singh. , , , j j • • • j.- 

had been opened out during the mining activity 

of the early eighties to a detailed examination with a view to 

determining once for all, whether with the improved appliances and 

perfected processes of modern gold-recovery, there might be any 

chance for profitable gold-mining in this district. Mr. Hayden's 

researches led him to the conclusion that the two properties most 

suitable for such an examination were those known as the “ Alpha” 

and the “ Phoenix ” for the reasons : — firstly, that extensive drives 

on the course of the vein were known to exist in both these 

mines, so that it would be possible, if they were made accessible, 

to institute a thorough sampling of the ore-bodies and thus to 

arrive at a fair approximation of the average value and stoping 

width of the ore; secondly, that these mines were credited by 

rumour with being capable of better results than had been obtained 

when they were formerly worked, if more efficient methods and 

better machinery were to be used. 

‘ See General Report of the Geological Survey of India, 1899-1900, p. 53, 
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These two mines having been selected, it remained to render 
them accessible for sampling, and in order to do this a considerable 
amount of preliminary work was necessary to clear away the ddbris 
that, falling from the soft decomposed walls of the vein, had been 
washed down the stopes, and had gradually silted up the tunnels, 
in some cases partially, in others completely. The back of the 
drives had also to be supported in many dangerous places by close 
timbering. This task which exacted considerable care and constant 
supervision, in order to prevent the occurrence of accidents to the 
native workmen, was carried out under the direction of Messrs. 
Hayden and Stonier, assisted by Lala Kishen Singh, to whom every 
credit is due for the success which crowned their effort. 

Dr. Hatch did the systematic sampling of the ore-bodies laid bare. 
Every ten feet, along the whole length of vein exposed, samples 
were taken across the whole width of vein at the marked points. 
These samples, in all 267, were then carefully assayed and in addition 
a large number of special samples of pyritic patches, richer in gold, 
were taken and concentrates of these patches also assayed. 

Dr. Hatch has now come to the conclusion that “ there can be 
no doubt after the careful and systematic sampling of the two mines, 
as to the unpayability of the ore-bodies that have been opened 
up by the Alpha and Phoenix workings ; and the present developments 
are in my opinion sufficient to justify a condemnation of the veins 
on which these mines have been opened. If the presence of chutes 
of pay-ore could have been established, even though of small extent, 
there might have been some encouragement for the undertaking of 
further prospecting operations ; but with the results rehearsed on the 
preceding pages ^ such a course cannot be recommended.” 


Chota Nagpur, 

At the end of his deputation to the Waindd and before termin- 
Dr. f. h. Hatch. tis engagement on this Department, 

Dr. Hatch was deputed to examine one of the 
auriferous reefs belonging to the Pahardiah Gold Mining Company 
(formerly the Bengal Gold and Silver Mining Company). The 
property is situated at Pahardiah near the village of Somij in the 
Singhbooin district of Chota Nagpur. 

‘ Of his report, now in the press. 
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Dr. Hatch has submitted a report on this locality, which will 
be published in the Memoirs, Vol, XXXIII. 

There has been some development done on the so-called veins,'' 
which are in reality beds of quartzite which are associated with a 
series of calc-chlorite schists, the whole constituting a part of the great 
group of transition rocks. A number of samples of the ore-body 
have been taken and assays made ; these gave as results the follow- 
ing yield in pennyweights of fine gold to the ton of ore : dwts, 4*5, 
3*25, 1*3, 2, 7*8, 5*2. These results are sufficiently encouraging to 
warrant some money being spent on the further development of the 
veins/' which are from 3 to 12 feet in thickness, and seemingly 
of great lengths. 


Mysore. 

During the rainy season of last year, when camping out was 
Dr. F. H. Hatch. impossible in Bengal or in the Waindd, Dr. 

Hatch was deputed to the Kolar Gold-fields to 
make a complete study of the occurrence of the gold of that area and 
of the methods adopted of gold-recovery, which he has very ably 
carried out, and his experiences are embodied in his report in Memoirs, 
Vol. XXXIII, pt. I, which has already been published. 


2.— Coal. 

In connection with the Jherria coal-field railway survey Mr, Stonier 
was engaged during the entire cold weather season in making 
detailed studies of certain coal-seams of that field, in which he was 
assisted by Lala Kishen Singh and Hira Lai during the end of the 
season. The task is not completed yet and the results will depend 
on several drills which are now being executed. 


3— Miscellaneous Minerals. 

At the request of the Government of Bombay, Mr. 


Vredenburg 

was sent to examine certain tracts in the 
Jambughoda district of the Ranch Mahals, where 
it was supposed that tin ore exists, besides other valuable minerals. 
Tin are. None of the minerals supposed to exist in 

the Ranch Mahals were met with, although 
Mr. Vredenburg was accompanied by the person who pretended 


Mr. Vredenburg. 
Panck Mahals. 
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to have found them originally, and the supposed tin ores were 
found to be haematite only. 

At the conclusion of this task, Mr. Vredenburg visited the 

Copper and Mica State, to report chiefly on the cop- 

Kis^^arh in Rajpu^ per ores and mica found there, which are some- 
what promising. He has furnished a report. 

Dr. T. L. Walker discovered several localities in the north-east- 
Graphite. Kalahandi portion of the Kalahandi State where grap- 

State, Central Provincec. hjte is met with in parallel bands or veins, and 

apparently of good quality. 

Mr. Bose reports on thin seams of coal which he met two or three 
Coal and Petroleum, miles south of Jowai in the hill tract south-east 
south-east of Shillong, Shillong in Assam. He also mentions a local- 
ity in the Khasimara valley where petroleum in small quantities 
oozes out of tertiary sandstone. 


4.— Water-Supply. 

Several inquiries were addressed to the Department with reference 
Messrs La Touche water-supply, either artesian or otherwise, 
Hayden and Vreden- and officers of the department were deputed 
to study the local conditions, where the water- 
supply was required, and furnished reports on the same. In this 
manner Mr. Hayden examined during May 1900 a site fora dam 
to be built in connection with a water-supply scheme near the 
Kart^ri falls in the Nilgiris and reported on the locality. Mr. La 
Touche inspected the proposed water-supply schemes of Guntur 
in Madras and the artesian boring in Place's Garden in Madras 
during October 1900. 

A very important compilation on the Recent artesian experi- 
ments in India” from 1883 to the present day has been completed 
by Mr. E. Vredenburg, and is about to issue in Memoirs, Vol. XXXII. 


5.— Landslips. 

During July 1900 I visited Darjeeling accompanied by Mr. Holland 
The Director and examined, with a committee of engineers, 

Mr. T. H, Holland. landslip which fell into the Limbu Jhora 

on the 15th of that month. Mr. Holland subsequently furnished a 
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full report. The landslip was evidently caused by rain saturation on 
a slope already lying outside the safe angle.. Subsequent develop- 
ment has shown that the movement in the north-western direction 
has been facilitated by the existence of a highly inclined fold-fault 
plane along which water has freely percolated, softened the rocks and 
introduced a layer of fine clay, which when wetted acted as a 
lubricant between the sliding and the fixed masses. 

During the latter half of Match Mr. T. H. Holland examined, at the 
request of the Punjab Government, a serious 
landslip which occurred last year below the 
jail at Dharmsala, and he made a general 
survey of the slopes around the station. In the case of the slip near 
the Dharmsala jail, a large mass of detritus extending some 500 yards 
along the face of the hill has moved out at an unusually low slope 
of less than 23°. The spur on which the jail is built consists entire- 
ly of river detritus, and the slip which has taken place is not a mere 
surface fall, but a well-defined river-like movement of a deep mass, 
showing the usual phenomena of fissures in its upper section 
{Abrissgebiet) and the fan-shaped protuberant masses below (Ab- 
lagerungs Gebiet)* The angle of slope is well below the angle 
of repose of the detritus under ordinary conditions of partial 
wetting, and the slip is evidently due to excessive saturation 
by water. The premonitory symptoms of the slip were well pro- 
nounced in August of last year, and the final fall occurred on the 
28th of September at the end of a very heavy monsoon. The rain 
which fell during the monsoon was given every ordinary oppor- 
tunity of soaking into the hill, as not a single building in the jail or 
police lines is supplied with a gutter for its roof, and no water-tight 
drains of any sort exist in the compound or on the hill-side. In addi- 
tion to the water which so entered the hill with each fall of rain, a 
hatcha kill, carrying a large stream of water was, until this year, 
carried along the brow of the hill, almost coincident with the upper 
limiting fissures of the slip. In addition, therefore, to the facilities 
offered naturally by the very porous character of the detritus com- 
posing the spur, the local authorities added very material assistance 
to the agencies which brought about the slip. Although the jail 
buildings are seriously cracked, Mr, Holland thinks that the recogni- 
tion of the true cause of the slip will give the remedial measures, 
which are promptly being undertaken, the effect of rendering the jail 
compound perfectly safe. The lesson, it is hoped, will be applied 
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to the rest of the station, in many parts of which movements have 
occurred on slopes well below the angle of safety under conditions of 
ordinary drainage, and are due to the general want of system in 
drainage, as well as to the practice of conducting long distance kikls 
in katcha channels. 


6.— Inspection of Mines. 

The Inspeictor of Mines in India, Mr, James Grundy, proceeded 
Mr. JAMRS Grundy. 3 rd October 1900 and 

« G A* Reader was appointed to officiate for 

him. Unfortunately this officer, who had shown 
much ability during the short period of his activity, died on the 
1 2th March of this year whilst on inspection duty in Madras. 
Mr. G. A. Stonier has since been appointed to officiate as Chief 
Inspector of Mines in addition to his other duties. 


B.-GECMLOGICAL SURVEYS. 


I,— -Madras Presidency. 


During the months of October 1900 to the end of December 

Dr T L Walker Walker was engaged in geologically survey- 

ing the Nowrangapur taluq in the Vizagapatam 
district. The geological results may be stated as follows: — 

Crystalline schists are the chief rocks and cover the whole of the 
^ r.. , . . taluq, except that occupied by a few small 

patches of Cuddapah rocks. The schists arc 
principally biotite and hornblende granitoid gneisses, amphibolite 
and subordinate quartzite bands. The general strike is north-west, 
but there are few good exposures except in the extreme north-eastern 
part of the taluq beyond the Tel river. 

The Cuddapah System is represented by two fairly large outliers 
and a number of small ones, the latter being chiefly small isolated 
hills where these rocks form caps on the gneiss. The largest of the 
outliers occupies the valley of the Indrabati from Nowrangapur 
westward to the Bastar boundary. The northern boundary of the 
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Cuddapah outcrop is probably faulted since the quartzites along the 
north dip from 30° to 50° south-west away from the gneisses, while 
the rocks are in all other exposures almost horizontal. The quartzites 
are apparently the oldest rocks of the system exposed. Buff concre- 
tionary limestone, resembling some of the limestones of Dr. William 
King’s Cheyair group, and purple slates, are the upper members 
of the system. 

The second Cuddapah outlier of importance occupies the little 
plateau east of Chocha, and extends along the Kalahandi boundary 
from N. Lat. 19^33' to N. Lat i9°5o'. In this outcrop, however, the 
concretionary limestone has not been observed. 

Decomposed diabase and laterite are occasionally seen in small 
exposures. 


2.— Central Provinces. 

Since the beginning of 1901 Dr. Walker was engaged in making 
a geological reconnaissance of Kalahandi State 
Dr. T. L. Walker where the rocks shew much greater variety and 
aXlr/ro^ncei. promise of very valuable mineral products. 

Besides a very small outcrop of Talchir 
sandstone in the extreme northern point of the State, there are 
five well-defined rock systems which form more or less parallel 
belts, stretching north-north-cast and south-south-east. At present 
Dr. Walker is not prepared to state the relative ages of these systems 
of crystalline rocks. 

Cuddapah system. — ^These rocks form the most western of the 
five belts referred to, and are only a continuation of the second of 
the Cuddapah outliers referred to above. They make up the high 
ridge along the Jeypore boundary and are chiefly dirty white quartzites 
and drab slates. 

Crystalline complex. — This group of rocks covers the larger 
part of the north-western half of the State, and extends east to within 
five miles of Bandcsor. Hornblende biotite gneiss, at times augitic, 
is the most prominent rock. The usual strike is north and south. 

Garnetiferous granitoid gneiss forms a belt from ten to twelve 
miles wide and extends from Bandesor north to the Tel river. 

Garnet quartz sillimanite schists form most of the hills along 
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the Ganjam frontier and the northern margin of the hills south and 
east of Bandesor. They frequently contain graphite and are usually 
foliated. The strike varies from north-north-west to north-north- 
east. 

Charnochite forms the greater part of the hill ranges in 
the south-eastern part of the State. This is merely a continuation 
of the great Charnockite massif discovered last year in the agency 
tracts of Vizagapatam. This great rock mass probably extends from 
the Mahanadi to the Godavari, and constitutes the high plateaux of 
the eastern Ghats in the northern Circars. 


3.— Burma. 

The geological survey of the northern Shan States, which was 

Mr. T. H. D. IaTouche. 'f ‘ continued during the cold 

„ p. N. Datta. season of 1900 to 1901, and fair progress has 

Dr. F. Noetling. been made in the geological mapping of the 

country between the Mandalay plains and the Kunlon ferry. 
Mr. LaTouche worked in the western portion of that area, whilst 
Mr. Datta remained in the district immediately to the east of 
Mr. LaTouche’s sections. The geological results are very interesting, 
and to some extent modify the views which Messrs. LaTouche and 
Datta held after the season 1899-1900. Several horizons, the res- 
pective ages of which were left doubtful, have furnished fine collec- 
tions of fossils, which have helped to clear up the geological rela- 
tions of the different series of strata, all of which have apparently 
undergone much disturbance. Dr. Noetling was sent to the north- 
ern Shan States to inspect work done by Mr. Datta, and has 
materially helped to unravel the doubtful points in connection with 
the structure and ages of the various horizons. He has recognised 
the triassic age of the Gokteik series of beds, regarding which much 
difference of opinion existed between Messrs, LaTouche and Datta 
during the season of 1899 to 1900. The former officer described 
the Kyinsi beds as doubtfully devonian (General Report, 1899-1900, 
page 77), whilst Mr. Datta claimed for the same horizon as well as 
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for the Gokteik beds {ibid^ page 120) an age not older than triassic 
and probably Jurassic.^ 

In a country such as the northern Shan hills, which is not only 
covered with extensive forests and dense undergrowth, but the sur- 
face of the rocks of which is so greatly disintegrated that frequently 
the actual rock is covered by a soil-cap of some fifty feet in thick- 
ness and more, it is extremely difficult to arrive at anything but 
a mere outline of the geological structure of the area beneath the 
soil-cap, and therefore the details of the geological sections can 
never be more than mere guesses, but fortunately most of the beds 
contain fossils and therefore their ages may be ascertained approxi- 
mately. 

It was not possible to do more than establish a number of 
series of beds, which so far have eluded close comparisons, owing to 
the fact that they mostly occur in localities separated from each 
other by tracts within which none or only very bad exposures have 
been observed. Mr. Datta, for instance, has been describing quite a 
considerable number of such local sub-divisions, which can scarcely 
be compared one with the other, as there is nowhere or at least 
rarely clear evidence of their respective structural relations. Con- 
sequently much that has been assumed is based upon very slender 
evidence, and will probably have to be revised hereafter. 

There are several facts, however, which have been established and 
Older Crystallines with niost important amongst them are : First, 

slates. oldest rocks known in the northern 

Shan hills consist of coarse-grained biotite garnetiferous gneiss 
with bands of coarsely crystalline limestone, which latter forms the 
matrix of the rubies of Mogok. Mr, LaTouche also found tour- 
maline granite with gabbro intrusive in a mica -schist which follows 
upon these older rocks. The mica-schist seems to pass upwards 
into a slaty series, and the latter may be Cambrian according to 
Mr. LaTouche. 

Above follow several distinct systems of sedimentary rocks, most 
of them fossil if erous. The contact of this coin- 
Sedtmeniary beds, plex of beds with the slates and schists below 

^ Note by Mr, LaTouche, A word of explanation seems necessary here. On 
first discovering these beds at Kyinsi, I discovered them lo be Jurassic and entered 
them as such in my field note booh. Bui on my return to head ‘quarters, 1 was 
assured positively by Dr. Noetling that some of the fossils at least were devonian^ 
and I accordingly referred the beds doubtfully to that age in my progress report.’* 
T. D. L. 
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seems invariably to be a faulted one. I think it is evident from the 
preliminary reports sent in by all three observers that within thb 
large complex of sedimentary beds at least two unconformities may 
be recognised, and that one of them is a distinct one which may 
be clearly observed, It occurs above the system of limestones 
Silurian shales, which all observers, including 

Dr. Noetling, who had described it first, deter- 
mine as representing both upper and lower silurian. This system^ 
which can be well divided into several (Jistinret horizons, has already 
been described by Mr. LaTouche in his progress report, published in 
the General Report for ^ additions and corrections 

have been recorded, which have not materially changed the general 
sequence of the beds as was described last year. Mr. Datta com- 
prises the whole of the lower silurian under the name of the Tonbo 
beds, and neglects to further sub-divide this series, although several 
clearly defined horizons, each well characterised palceontologically,. 
may be distinguished within the lower silurian, as shown by 
Mr. LaTouche. 


Between the silurian system and the beds which come next in 

Devonian to fermion? deposition a distinct unconformity has 

been observed ; the partly denuded silurian 
strata are uncomformably overlaid by a series of beds with badly 
preserved fossils, which Mr. LaTouche calls the Maymyo beds, and 
which Mr. Datta sub-divides into lower and upper series (the Maymyo 
andWetwin beds). They were formerly considered as upper silurian 
by Mr. LaTouche and devonian by Mr. Datta, but it seems probable 
that the upper portion of it at least is younger and may possibly 
represent the permian system. A recent find by Mr, LaTouche of 
Calceola sandalina in the Maymyo limestone seems to establish 
the devonian age of at least a portion of this series. 

The contact between the latter and the next younger series of 
msczoic. somewhat doubtful, but is possibly 

uncoiiformable, at least at a few localities. The 
fact of the matter is, that at several localities, not very close to 
each other, beds may be observed which are rich in fossils, and which 
may or may not represent portions of the same series of strata. As 
yet all the arguments brought forward to prove the superposition in 
natural sequence pf the various sub-divisions of these beds are some- 
what apocryphal. Mr. LaTouche comprises the whole of these 
deposits under the name of the Kyinsi beds, which be formerly 
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believed to belong to the devonian and which he now refers doubt- 
fully to the Jurassic system. Mr. Datta believes that these beds may 
be divided into three stages, in ascending order, the Kyauk-Kyan, 
Gokteik and Nawnpeng beds ; but until the rich collection of fossils 
which he has obtained during the last year have been carefully 
examined, nothing certain can be said about the necessity of sub- 
dividing the Kyinsi beds of Mr. LaTouche. Dr. Noetling has 
recently visited the localities and examined some of their fossils con- 
tents, and so far seems convinced that the Gokteik beds belong to the 
trias ; several genera of pelecypods point distinctly to an upper triassic 
age. The credit of having first recognised the probable triassic age 
of these beds belongs to Mr. Datta, who has already expressed this 
view in his progress report for the previous year,* in spite of the fact 
that the peculiar stratigraphical relations of the Gokteik beds point 
rather to a palaeozoic age of the series of strata. 

It is to be hoped that further research in these localities will lead 
to interesting results. The existence of triassic beds in Burma was 
long ago inferred from some well preserved Daonella species in a 
dark limestone, which have been lying in the Geological Museum for 
many years past, but with regard to the history of which nothing 
reliable was known, beyond that they were believed to come from 
the Karenni country. Mr. Middlemiss was specially deputed, during 
1899-1900, to the northern Karenni country in order to re-discover 
the triassic rocks in which these fossils have been found, but he 
failed to identify the same. But in view of the fact that triassic beds 
have now been discovered in the northern Shan States, it seems highly 
probable that this system will also be found along the southern margin 
of the Shan “ plateau.” 

According to Mr. Theobald* triassic beds, his so-called “Axial 
group,” have been found in the southern spurs of the Arrakan Yoma, 
and a Halobia lommeli, Wiss., was found in beds of this “ group,” but 
as this fossil is not to be found in the Geological Museum, and a sub- 
sequent survey of some sections of the Arrakan Yoma has not proved 
the existence of beds older than cretaceous, some doubts have been 
expressed as to the correct identification of the fossil. 

Additional interest is now attached to Mr. Theobald’s observa- 
tions; much of the rocks of the Yoma are developed as flysch, little 

' General Report for 1899-1900, p. lao. 

* Mem. Geol. Surv. Ind., Vol. X, p. 36 
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if at all differing from the flysch formation of the HimSlayas and of 
Baluchistan, and as in these localities this flysch facies is also charac- 
terized by great masses of gabbro. The flysch of Baluchistan and of 
the Himilayas contains many klippen*' of older rocks, and it would 
be very interesting to ascertain whether the Halobia bearing lime- 
stone, which Mr. Theobald has discovered in the Yoma, does not also 
form a “ klippe in the cretaceous flysch, but being very limited in 
extent has eluded re-discovery. 

During the season 1899-1900 a considerable thickness of shales 
Namyao and Thibaw and coarse brown-red sandstone containing a few 
traces of fossils were found in the northern 
Shan hills, which Mr. LaTouche terms the Namyao and Mr. Datta 
the Thibaw beds. The former observer includes this series of beds 
amongst the palaeozoic rocks, whilst Mr. Datta classes them doubt- 
fully with the tertiaries. These rocks have not been met with during 
this year's progress of surveys, but I wish to draw special attention 
to the same here, as I believe that their real origin has not been 
recognised. In the light of what has already been discovered this 
year, it having been proved that both permian and an older mesozoic 
series of beds exists in the northern Shan hills, it may well be that 
these Thibaw beds represent an upper mesozoic, — probably jurassic 
facies. As a matter of fact these beds seem to resemble the upper 
Gondwana beds somewhat, and it may be that they really represent 
them. Special attention will be devoted to the study of these rocks 
during the next season^s work. 


4.— Assam. 

The area which has been surveyed by Mr, Bose during last seasow 
Mr P N Bose comprises the country south-east of Shillong, 
which may be called the Shillong-Jowai plateau. 
It rises to heights of about 6,500 feet on the northern side and 
thence slopes gently southward to elevations ranging from 1,200 to 
1,500 feet, and then very steeply to the plains of Sylhet. The line of 
this steep declivity corresponds closely with the axis of the mono- 
clinal flexure into which the rocks have been thrown at the edge of 
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the plateau. At the western end of the area, south of Nongjuri and 
Umia, the axis was found to run W. N. W.— E. S. E., the cretaceous 
and nummulitic strata south of it dipping S. S. W. ; at the eastern 
end, south of Sandai, its trend changes to R. N, E.— W. S. W., the 
beds dipping S, S. E. 


(a) The Tertiary Sydem. 

The system was initiated in this area by a period of intermittent 

Nummulitic series. Subsidence, evidenced by the occurrence in its 
lower portion of a clear bluish limestone con- 
taining eocene marine fossils and intimately associated with bands of 
thickish, rather coarse sandstone with shale intercalations in which 
coal is occasionally developed. The limestone is found in greatest 
force at the foot of the plateau south of the axis of monoclinal flexure 
at Nongjuri where it forms a jagged sharp-crested ridge. It is, how- 
ever, rapidly attenuated eastward, dying out altogether just east of the 
Wamankilla river (Bhobonsora on map). Reappearing south of the 
village of Utamar, it runs about a mile eastward and then disappears, 
not being again met with south of the axis of monoclinal flexure for 
some 20 miles in that direction. This disappearance is apparently 
due to interrupted development, and also to concealment under allu- 
vium. For, east of the Mangat river at the very edge of the plateau at 
Sandai and Nongtalang, the limestone is found fairly well developed, 
forming cliffs, at places 200 feet high, in which occur several very fine 
and Urge caves ; and west of that river, it is traceable (about four or 
five miles from the edge of the plateau) nearly all the way from 
Mauchuni westward to Maokliao through Kundair and Wahmieiii 
(near Sangmang), in fragmentary and much concealed outcrops. 
This occlusion of the limestone is due to its underground dissolution, 
the nummulitic ground where its presence or at least former existence 
is presumable, being much broken and presenting a medley of dis- 
placed masses of the associated sandstone. 

North of the axis of monoclinal flexure, the best exposure of the 
limestone I have encountered west of the Mangat is a>: Wahmlein, 
where it is about 50 feet thick. Hence it was traced northward, 
steadily diminishing in thickness, and in small, far-:ipart, much- 
obscured patches as far as Nongkredem, 10 miles north of Wahm- 
leiu, whore in the best exposure it is 14 feet thick. The limestone 
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is here and at Thanginatte (4 miles south of Nongkredem) overlaid 
by some 150 to 200 feet of coarseish sandstones with subordinate 
shalesj which are sometimes associated with thin seams of coal. The 
sandstones are traceable as far as Madli (about a mile north of 
Nongkredem). 

Superposed to all appearance conformably on the nummulitic 
^ ^ . beds, there occurs south of the axis of monocli- 

Supra-nummulitic series^ ’ . r 1 e, r. • * 

nal flexure a senes of rather soft, nne-grained 
sandstones with interbedded shales which form low hills elevated 
some 100 to 200 feet above the plains of Sylhet. 


(J>) The Cretaceous System. 

As developed In the southern portion of the Shillong-Jowai 
plateau, where the system attains a maximum 

Uppey sevtes. * , ... 

thickness of over a thousand feet, it is divisible 
into two well-defined series. Of these, the upper consists of a very 
fine-grained, compact, grey or dark-grey sandstone weathering 
yellowish-brown, often more or less calcareous and sometimes 
earthy, with occasional layers of shale. A tendency towards exfolia- 
tion is frequently observable. On the southern border of the plateau 
the greatest thickness of the series amounts to some 400 feet, ft 
has yielded a fair number of fossils including a nautilus, two or 
three species of ammonites and some bivalves and gastropods 
chiefly from the vicinity of Wahmlein and Utamar, west of the 
Mangat, and of Sandai, east of that river. Traced northward it 
thins out, ceases to yield determinable fossils (at least none have been 
obtained as yet), and undergoes lithologic variation indicative of 
shallow-water conditions. 

The lower series is composed mainly of more or less coarse 

r thick-bedded sandstones. On the border of the 

Lower series. 

plateau at Utamar, Saingriang, etc., the sand- 
stones are extremely thick-bedded, brownish, and contain abundant 
sub-angular specks of flesh-coloured felspar, which give the rock a 
somewhat tuffaceous aspect. A short distance to the north, how- 
ever, about Sangmang, Kundair, etc,, the rock becomes greyish- 
white, and the felspar disappears. The sandstones are frequently 
conglomeratic towards the base, and rarely towards the top as well. 
The conglomerate is very irregularly developed, thickening and thin- 
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ning out rapidly, but is never altogether absent at least for any 
considerable distance-. 

The maximum thickness of the series at the southern extremity 
of the area is not less than 700 feet. Fossils are rare ; the few that 
have been found appear to be different from those of the upper 
series. 

At Jowai and its vicinity, there are some coarse sandstones with 
interbedded shales and conglomerates at their base and they 
are occasionally carbonaceous. Though they strongly resemble 
the sandstones which at or near the edge of the plateau rest upon 
nummulitic limestone and have the appearance of passing into the 
latter, Mr. Bose prefers to include them with the cretaceous system 
as Mr. La Touche did when he traversed through Jowai. 

Mr. Bose came across sections which show the cretaceous 

R.Utionefih,cr.tac<. P’^tform on which the nummulitics were laid 
o«s to the tertiary cown to have been at places very uneven, and 
argues that this may be due to marine denu- 
dation alone j in fact, the balance of evidence seems to be in favour 
of such a supposition. The close parallelism which is observable 
between the two systems, whether disturbed or not, suggests that 
they were upheaved together and disturbed synchronously ; and their 
concurrent increase in thickness and exhibition of deep-water 
characters in the southern direction tend to show that the subsidence 
which began in the cretaceous period continued with intermissions 
until the supra-nummulitic deposits were laid down. 

Mahon to the older relation to the older rocks is one of well 

rods. marked unconformity. 


(c) The Sylhet trap. 

The Sylhet trap underlies the cretaceous rocks in deep valleys 
in the southern portion of the plateau at Sangmang and Umia. It is 
absent from the sections in the Mangat and to the east of that river. 


{d) The sub-metamorphic and metamorphic ro'chs. 

The Shillong series assumes a highly altered aspect at and south 
of Lailangkot and about Puriang on the Shillong-Jowai road, 
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micaceous schist being the predominant rock, and it is noteworthy 
that in both cases the increased metamorphism accompanies igneous 
intrusions on an extensive scale. 

In the vicinity of Jowai Mr. Bose came upon gneiss intimately 
associated with well foliated mica-schist. These rocks are well dis- 
played in the valley of the Mangat, west of Jarain and north of 
Nongpadu. The Jowai area has not yet been examined in detail. 


{e) Intrusive rocks* 


The principal occurrences of granite in the area surveyed are 
north of Lailangkot^ north of Nartiang, and in 
Granite* southern portion of the valleys of the 

Mangat and the Rangapani. Everywhere it is typically a coarsely 
crystalline rock with large well developed flesh-coloured felspar. 
Its intrusive character is fairly well displayed in the vicinity of 
Lailangkot where it cuts obliquely across the strike of the Shillong 
series, and where, besides, included pieces of the Shillong quartzite 
were occasionally observed in it. 

With regard to the age of the granite, all that can be said is 
that it must have intruded through the Shillong series a long time 
before the deposition of the cretaceous strata, for these were found 
to rest upon a much denuded surface of the granite in the Mangat 
valley about Kapeuter. 

Besides granite, a dense, heavy, hard black basic rock which 


Khasia greenstone* 

series. 


Mr. Medlicott calls Khasia greenstone in the 
Cliera area, is found intrusive in the Shillong 


5.— Sind — a correction. 

A shoft report on the progress of the work carried on by 
Dr. Noetlingin Sind during the year 1899 to *90° contains so many 
punter’s errors and accidental ambiguities that 1 find it necessary to 
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give a corrected version here# The sequence of the beds of the 
Laki range should be in descending order 
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16. Zone of Eupatagus rostratus, d'Arch. 
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11. Zone of Pugnellus, spec. nov. 



10. Zontoi NummulUei granuloiust d’Orb. 
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8. Zone of Macropneustes speciosus. Dun. 





7. Zone of Gen. nov. spec. nov. {Rostellaria, Blanf.). 
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5. Zone of Ostrea lingua^ Lam. (?). 
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3. Zone of Turriiella, spec. nov. 
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2. Zone of Cardiia beaumonti, d’Arch. 

I. Nodular limestone not subdivided. 


The sequence of beds is throughout a conformable one, and the 
boundary between the cretaceous and the tertiary systems was drawn 
at the base of zone 8, in which the first Nummulites appear together 
with numerous Macropncustcs spcciosus, Dun. 
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6. — Himalayas. 

It was originally planned to have an exhaustive study made of the 
Dr. A. VON Krafft. Chitichun area of the Central Himalayas, within 

which the highly interesting Klippen occur, 
which I described in Records, Vol. XXVI, page 19, but political con- 
siderations made a longer residence within that particular area in- 
advisable and Dr. von Krafft*s researches were therefore restricted to 
the adjoining ground and to the neighbourhood of the Balchdhura 
pass, north of Milam in Kumaon. Dr. von Krafft also found time to 
pay a visit to the Shalshal cliff from where he obtained some good 
fossils. However, before proceeding to the “ Klippen area of the 
Balchdhura he proceeded to Byans (Kumaon) in order to examine 
some special localities already known through my own and 
Mr. F. H. Smithes work. Dr. von Krafft has come to the conclusion 
that the triassic series of Byans differs somewhat from that of Johar, 
Painkhanda and Spiti, the series between the lower trias and the 
Tropites horizon, which in Spiti amounts to approximately 2,000 feet, 
being reduced in Byans to 250 feet of grey limestone. Another differ- 
ence consists in the occurrence of black shales above the Tropites 
limestone. Large collections were made, chiefly from the Tropites 
limestone, in addition to those already in hand. 

The local Government having strictly prohibited Dr. Krafft from 
crossing the frontier, he received instructions to proceed to the 
Bambanag cliff and thence to the Laptal area. At the Bambanag 
cliff and subsequently at the Shalshal cliff, which was visited on the 
return march in September, detailed researches were made into the 
muschelkalk, which was found to correspond exactly with that of 
Spiti. The lower muschelkalk is of much greater thickness than 
was hitherto believed, including in descending order— 

(3) Beds with Ceratifes subrobustus and other cephalopoda (see 
General Report, 1899-1900, page 204), in common with 
brachiopoda, among which Spiriferina stracheyi is 
prominent. 

(2) A nodular limestone without fossils. 

(i) Thin, earthy limestones with Rhynchonella griesbachi^ Bitt., 
etc,, It has now been definitely ascertained that Ceratites 
subrobustus not belong to the lower trias and the 
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term “ subrohustus beds" in the sense as applied by 
Dr. Diener must be discarded, and it appears certain that 
the lower muschelkalk includes two brachiopod-horizons. 

At the Shalshal cliff Daonella indica was found in great numbers 
25 feet below the “ Traumatocrinus limestone ” and immediately 
above the beds with Ptychites rugifer. This small thickness repre- 
sents the ladinic stage, hitherto recorded only from Spiti, where it 
amounts to approximately 300 feet, and is much richer in fossils. The 
Traumatocrinus limestone” includes Joannites cymbiformis as 
asserted by E. v. Mojsisovics, and thus corresponds to the shales 
with Joannites cymbiformis of Spiti. The specimens of this species 
recently found at the Shalshal cliff differ from those which 
V. Mojsisovics had compared with the above-mentioned Alpine 
species. Tropiies have not been found either at the Bambanag nor 
at the Shalshal cliff, but a well preserved specimen of Griesbachites 
medleyanus, a species of the T ropites horizon, was obtained from the 
topmost Daonella beds near Martoli. 

This species occurs in an ” exotic block ” north of the Balchdhura 
pass together with Tropites. The site of the Tro piles horizon is there- 
fore, as supposed by E. v. Mojsisovics, immediately below the "Hau- 
eriies beds.” The ” Hauerites ” and ” Sagenites beds ” are too poor 
in cephalopoda to be termed cephalopod-horizons, as has been done. 
Large collections were obtained from the “ Halorites beds.” Above 
the '‘Sagenites beds” the same quartzite series was found as in 
Spiti. At the Bambanag cliff it includes Aulacothyris joharensis 
and (?) Spirigera noetlingi. 

During July and August Dr. v. Krafft examined in detail the area 
east of Laptal, where in 1892 myself, Diener and Middlemiss had 
found “ exotic blocks” The country is chiefly composed of flysch, 
consisting of two main divisions, via., the “ Gieumal sandstone” 
(Stoliezka) and a series of red and black shales and green sandstones, 
which may be assigned to the lower tertiary system. No Chikkim 
limestone is developed. The flysch is overlain by huge masses of 
basic igneous rocks, vis,, andesites, in common with volcanic breccias 
and tuffs, representing flows, not intrusive rocks as was previously 
assumed. These include innumerable limestone blocks. Most of 
them are massive, grey and unfossiliferous, many arc red and a few of 
them yielded numerous fossils. The following horizons are repre- 
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sented among the red limestones ; permo-carboniferous (often also 
white limestone), lower trias (horizon of flemingites rohilla)^ ladinic 
or lower carnic stage [Daonella indica), Tropites limestone and 
lower lias with Arietiies^nA Phylloceras (first discovery of lias ammo- 
nites in India). The grey limestones may be correlated with the 
Dachsteinkalk, but may in part be equivalent in age to the red lime- 
stones. Green sandstones (Gieumal sandstone ?) were also found as 
^‘exotic blocks some of them mixed up with shales (Spiti shales ?), 
also various members of the supposed nummulitic series. 

In the neighbourhood of the Balchdhura pass the country is little 
disturbed, but further south the structure becomes more and more 
complicated, tight folds and overthrusts being seen. The lavas 
participate in all the disturbances in the same manner as do the sedi- 
mentary beds. 

The origin of the exotic blocks must be attributed to violent 
volcanic outbursts, which have brought the blocks up to the surface 
after they were torn from a series of beds in situ. This series, 
which in part resembles that of the Hallstatt area, must be supposed 
to be buried underneath the neighbouring Tibetan plain and where 
the lavas are known to be widely distributed. The volcanic out- 
bursts no doubt occurred during the older tertiaries and were pre- 
sumably preceded by a short period of denudation, while they were 
followed by those disturbances that led to the ultimate upheaval 
of the Himalayas. 

The lower trias and the productus beds of the Himalayas have 
to a certain extent served in recent times as a 

Dr. F. Noetling. correct interpretation of the similar 

Hirndiayas and of ike horizons occurring elsewhere in India, notably 
Salt range. range, where Dr, Noetling was 

carrying on special researches during the cold weather of 1899 to 
1900 which have already been noticed in last year's General Report, 
page 41. Inthe'^Neue Jahrbuch fur Mineralogie, etc.," for 1900, 
pages 139 to 141, he sets forth his views more fully, and they were 
answered by Professor C. Diener in the ‘‘ Centralblatt '' for 1900, 
pages I to 5. The main idea expressed in Dr. Noetling^s paper in the 
'‘Neue Jahrbuch differs slightly from the notice of his work given 
in last year's General Report ; he held the view that we must include 
the entire series of ceratite beds of the Salt range with the permian 
system. The report that he has found true Otoceras^ probably O. 
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woodwardi, Gries., has since turned out to be incorrect, as already 
noticed on page 42 of my General Report for the year 1 899-1900* 

The views which Dr. Noetling expressed in the “ Neue Jahr- 
buch” and in the reports which he has sent in, differed so much from 
my own and those of previous observers in the Himdlayan and Salt 
range afeas, that 1 determined to depute him to several of the best 
known localities in the Central Himdiayas, in order to study the boun- 
daries between the undoubted permian and the Otoceras beds. 
When I myself worked out the sequence of strata from the lowest 
Silurian to Jurassic systems I recognised at once that a consider- 
able thickness of beds occurred between the productus beds and the 
undoubted muschelkalk, the latter of which was already known to 
occur in India. This intercalated series of beds yielded many 
fossils, amongst others my new genus Otoceras^ which is found in 
hard limestone (bed 2), f.e., in the stratum which rests immediately on 
the dark produefus shales, which latter yielded numerous productus 
species and in harder layers many brachiopods of permian type. 

After considerable thought I decided to include the whole series 
from “ bed 2 ” to the lowest beds of the muschelkalk with the lower 
trias, although the very lowest horizons of this series I looked upon 
as “ passage beds ” (see Memoirs, XXIII, page 147) • 

“ I regard them as permian,* and the Otoceras beds above as a 
passage series from the permian into the lower trias, with which 
it is structurally closely connected in the Central Himalayas. The 
upper beds of this division must then be a representative of the 
lowest trias. The fauna contained in it, though some of the species 
remind one of similar forms found in the Alpine Buntsandstein 
(Werfen beds), has, on the whole, rather a permian character than 
triassic.” 

Dr. Noetling adopts this view also, but goes further, inasmuch as 
he draws the actual boundary between the permian and trias systems 
above the Otoceras beds and below certain beds of the series, which 
contain Meekoceras sp. — I prefer to consider them still as true 
passage beds ; of the types contained in them some may be referred 
to permian forms, but some, especially bivalves, to lower trias 
(Werfen) beds, but it appears certain that none of the Productus 
species ascend into Otoceras yielding strata. 


‘ The black shales with Productus. 



Geological Survey of India. 

Dr. Noetling has now divided this series of beds, which form an 
uninterrupted complex of thin limestone and shale layers, into four 
palaeontological zones, and draws the boundary between the permian 
and trias systems above the lower two horizons, the very beds in fact 
which I call passage beds in the paragraph quoted from my report 
on the Central Himalayas. 

In the lower beds of limestone and shales with Otoceras wood* 
wardi or Ophiceras tibeticu 7 n he recognises two horizons ; these are 
overlaid by beds with Meekoceras noetlingi^ Krafft, followed by 
beds with Hedensircemia spec., which were termed erroneously 
sub-robustus beds formerly. These two latter horizons Dr. Noetling 
asserts, form the lower trias in the Himalayas, whilst the zone of 
Otoceras woodwardiy Gries., and Ophiceras iibeiicumy Gries., would 
represent the uppermost beds of the permian. This view is strongly 
supported by the occurrence of Medlicottia dalailaiHcOy Dicn., 
which according to Dr. Noetling is identical with Medlicottia wyfineiy 
Waag., a species which hitherto has been found in permian beds 
only. As the genus Otoceras occurs elsewhere in permian beds 
only, my original view that the Otoceras beds are approximately 
of the same age as the Julfa beds in Armenia is fully corroborated 
by Dr, Noetling’s researches. 


7.— Baluchistan. 

Owing to the severe cold which prevails in winter at the high 

level of the KoUk hills and the upper Zhob 
Mr. E, Vredenburg. n r j . 

valley, it was found more convenient to per- 
mit Mr. Vredenburg to commence work in the Chdgai and Nushki 
districts. Observations made during a journey performed in 1898- 
99 are being published in the Memoirs, Volume XXXI, and a closer 
examination has now been made of some of the regions therein 
mentioned, and also of some adjoining districts which could not be 
visited on that first occasion. 

Special attention was paid first of all to the Chapar range, a long 
line of high-dipping limestones situated some 
Chapar range. cssiU. miles south of Chagai and running in 

an east-west direction. It was pointed out in the Memoir above 
mentioned, that the limestone resembles some rocks of upper creta- 
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ceous age that form, further west, a hill called Malik Gatt. But no 
fossils could be found in the eastern part of the range, the MasS- 
nen Chapar A fossiliferous band, however, has been discovered 
in the upper beds of the limestone of the “ Kasdnen Chapar, which 
is the western extension of that same range. The main fossiliferous 
band is scarcely more than one foot in thickness, but its outcrop 
can be followed for a distance of several miles, and a numerous 
collection of fairly well preserved specimens has been gathered, 
amongst which the species Cardita beaumonti is specially abundant. 
It characterises the upper cretaceous horizon in Sind and in Balu- 
chistan, and in the present instance it belongs to the variety balu^ 
chtstanensis described by Dr. Noetling. Other genera, some of 
which are represented by several species, are Ostrea^ Leda, Modtola^ 
Cardiufn^ Corbula^ Natica^ Turbo^ Pugnsllus^ Rostellaria^ Cert^ 
thiumy Turritella. At a slightly higher horizon are found some 
dwarfed specimens of Cardita^ Nertta^ Nattca and some Cerithidoe* 
The strata overlying these fossiliferous beds are shales and sand- 
stones with vegetable impressions which have an estuarine appear- 
ance, and recall some of the Ranikot beds in Sind met with at a 
similar horizon. The shales are sometimes carbonaceous. Only 
a small thickness of these beds is exposed : owing to the northerly 
dip, the section generally ascends in a northerly direction, with many 
repetitions due to folds and faults, and it is soon interrupted by a 
great intrusion of quartz-diorite. The main limestone mass, together 
with the more or less shaly partings in its upper and lower portion, 
has a thickness of about 300 feet. Ihe compact portion of the 
limestone consists principally of reef-building corals which are 
only seen on the weathered surface. It rests upon a considerable 
thickness of green shales and sandstones, similar in appearance to 
those that constitute the Kojak hills, and, lithologically indistinguish- 
able from other masses of shales which outcrop in other parts of 
this district and which the presence of nummulites shows to be 
tertiary. In the case of the Chapar hills, notwithstanding a con- 
siderable amount of disturbance, the section is sufficiently clear 
and continuous to leave no doubt as to the inferior position of the 
shales, relatively to the upper cretaceous limestone. It is therefore 
evident that these green shales occur both amongst the upper 
cretaceous and the eocene strata, and, as the rocks are often unfos- 
siliferous and the structure usually highly disturbed, there must 
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remain many instances where it is difficult to decide to what period 
they belong. It is interesting to note that some conglomerates 
interbedded with the shales of the Chapar, contain rolled pebbles of 
hippuritic limestone, showing that the latter rock was exposed to 
denudation before the close of the cretaceous period. 

The structure of the Chapar hills is a complicated one, with 
numerous folds and overthrusts in two directions at right angles 
to one another, but, as made evident by the fairly good preservation 
of the fossils, the disturbance is not so extreme in its character as 
in the Khardn hills to be mentioned hereafter. Slaty cleavage, almost 
universally present in the Kharin hills, does not affect the shales of 
the Chapar range. 

The Khardn mountains form the southern limit of the desert 
which constitutes the Nushki-Chdgai district. 

Khatanhils* northern watershed belongs to that area 

while the part south of the watershed is included within the 
territories ruled by Sirddr Sir Naoraz Khdn of Kharin. Several 
portions of this range were visited during the preliminary examina- 
tion of the district, and are described in the Memoir above-men- 
tioned, attention being drawn to the very irregular structure of these 
mountains. During the present season, the survey was carried 
further west than previously. Between the longitudes 64^ 15' and 
65° 15 E, the mountain mass may be divided into three zones: a 
northern zone consisting mainly of intrusive rocks ; a middle zone, 
principally shales converted into slates ; and a southern zone con- 
sisting of tall limestone ridges. To the northern zone belong the 
great intrusions of the Ras Koh, details of which have already been 
published. Further west, another intrusive mass has been discovered 
south and south-west of Dalbandin. Like the Ras Koh, it forms 
an oval outcrop along the northern edge of the mountainous region. 
The topographical maps available, although very accurate, are on 
too small a scale to show the intricate detail of these igneous rocks. 
Nevertheless, these rocks have been studied very carefully, with a 
view to comparing them with some igneous intrusions yet unsur- 
veyed in the Kojak range, the topography of which has been worked 
out in much greater detail. The rocks forming the intrusive mass 
south to Ddlbandin belong to many different varieties. The centre 
of the mass contains the coarsest-grained rocks, and these differ 
from the surrounding ones not only by their texture, but also by 
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their composition, which is more acid. They are pale-coloured 
syenites, while the surrounding rocks are diorites and diorite-por- 
phyries. The syenite sends veins into the basic rocks and includes 
fragments of them, showing that it was intruded last. The numerous 
varieties of diorite do not form concentric zones round this syenitic 
nucleus, but are dovetailed in a very irregular manner. In the southern 
portion of the outcrop, the texture remains a fine-grained granitic one 
even quite close to the edge of the outcrop, while along the northern 
edge there are hills entirely made up of porphyry. The sedimentary 
rocks are considerably altered at their junction with the intrusion, 
and great lenticular masses of strata are often included in the very 
midst of the Plutonic mass which, when seen from a distance, assumes 
quite a stratified appearance. It is probable that some of the slates 
have been actually fused, or at least dissolved, and that the admix- 
ture of their material with that of the igneous intrusion may account 
partly for the very irregular composition of the latter. As in the 
Ras Koh, the rocks of the igneous mass are generally remarkable for 
the absence of quartz and the presence of a large proportion of 
sphene. 

The southern zone of the mountain mass, that bordering the 
northern edge of the Khar^n desert, consists of numerous tall ridges 
of limestone. All these ridges are repetitions of one band of 
nummulitic limestone about 350 feet thick. At Jdlawar there are no 
less than seven of these parallel ridges, sometimes with a distinct 
synclinal or anticlinal structure, more frequently very irregularly 
faulted and fractured. The I^hardn desert is limited to the north 
by an almost vertical wall formed sometimes by the upper, sometimes 
by tlie lower surface of the tilted limestone. Only toe most northern 
of these limestone ridges was seen during the preliminary examination 
of this country. Their eastern limit has not been observed. The 
outcrop extends from at least the neighbourhood of Khardn in an 
easterly direction up to Long. 64'’ 25'E , west of which they sink 
beneath the alluvium of the desert The strike of these ridges is very 
regular and runs a few degrees north of east, while in the middle zone 
of the mountain mass, the zone extending between the limestone 
ridges to the south and igneous intrusions to the north, the ridges 
strike north* east. It seems that during the process of folding of 
the strata, considerable portions of the rocks have been displaced in 
such a manner as to glide past one another horizontally, in addition 
to the more or less vertical displacements which have resulted in 



34 


Geological Survej^ of India. 

ordinary flexures and overthrusts. Slaty cleavage is the genefrsil 
rule, and it is to be noticed that the cleavage planes strike north-east 
like the ranges of the middle zone, and that in the southern zone, 
where the shales associated with the nummulitic limestone are also 
slaty, the strike of the cleavage does not change, and hence it crosses 
the strike of the stratification at an angle of about 30°. 

As already stated in the Memoir now in the press, the greenish-grey 
slates of this range, with occasional bands of sandstone and limestone^ 
are all tertiary as is shown by the nummulites which their limestone 
bands contain. But, beyond showing that they are eocene, the circum- 
stances observed do not allow their age to be determined with any 
closer approximation. Except nummulites and alveolinse^ no other 
fossils can be recognised, and although there is no doubt as to their 
generic attribution, they are so badly preserved that specific deter- 
minations are scarcely reliable. Occasionally the species N, granu^ 
losa can be recognised, but it is one that has a wide geological 
range. It is not even possible to tell for certain whether these strata 
are generally newer or older than the limestone of the southern 
ridges, for the same monotonous succession of green shales is 
observed both above and below that limestone. In the western 
portion of the range which has been latterly examin ed, there is a 
series of bright-coloured shales interstrati fied with beds containing 
a large proportion of volcanic material. The disturbed structure 
and the complete absence of fossils do not allow the age of these 
beds to be fixed, though it is probable that they are either upper 
cretaceous or lower tertiary. 

It should be noted that the situation of the intrusive masses does 
not stand in any relation to the occurrence or otherwise of slaty 
cleavage, for considerable intrusions exist both in the neighbour- 
hood of the Chapar ranges where the shales are not cleaved, and in 
the Khardn mountains, which consist almost entirely of well-cleaved 
slates. Indeed, the cleavage becomes less distinct in the immediate 
neighbourhood of the plutonic rocks owing to the effects of contact 
alteration. 

Special attention was paid to the possible existence of useful 
Minerals. minerals, as great efforts are being made at 

present to develop this region. Nearly all the 
igneous rocks are cupriferous, especially the more basic varieties, 
and it is possible therefore that there may exist local accumulations 
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of copper ore in paying quantity, but none have been met with so 
far. Signs of the existence of petroleum were observed in the 
nummulitic limestone and shales along the southern border of the 
Khar^n hills. 


Calcutta, 

The 31st March igoi. 


C. L. GRIESBACH, Director^ 
Geological Survey of India. 
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GENERAL REPORT 

ON THE WORK CARRIED ON BY THE 

GEOLOGICAL SURVEY OF INDIA 

FOR THE PERIOD FROM THE 1ST APRIL 

1901 

TO THE 3 1 ST MARCH 

1902. 

Part I.~HEAD-QUARTER notes. 

Dirteior's tours. During the year under report, I carried out 

the following tours 

(1) I proceeded to the Punjab and Kashmir, leaving Calcutta on 

Punjab and Kashm.b. ‘I’® September and returning on 
the 17th October, for the purpose of 
studying the lower trias sections of the Vihi.and Scind 
valleys in greater detail than was done by Mr. Lydekker, 
who had surveyed Kashmir many years ago. The very 
important task still remains of correlating the lower trias 
of Kashmir with that of the Central Himalayas and also 
the Salt range in the Punjab. It is hoped that these 
studies will be commenced during the summer months of 
190a. 

(2) From the nth November to 8th December I remained in the 

Upper Burma. northern Shan States of Burma for 
the purpose of inspecting the pro- 
gress of work carried on by Messrs. LaTouche and Datta, 
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who had completed the survey of a very large tract of 
country. Some of the points on which these two officers 
differed in their interpretation were carefully discussed, 
and as these considerations were mainly basled upon fossil 
evidence, Dr. Noetling, the Palaeontologist of the Depart- 
ment, was also deputed to Burma to aid in these revisions. 
(3) During March 1902 1 visited Mr. F. H. Smith’s party which 

is engaged in the examination of the 
HOTA Nagporh, auriferous localities in Chota Nag- 

pore. As will be seen further on, the results obtained so 
far are not very encouraging, but nevertheless this inquiry 
win have to be carried on until at least all the localities 
which had once upop a time been either prospected or 
worked for useful minerals have been subjected to a 
thorough examination. 

During the year under report the Department lost the services of 

four officers : two geologists on the regular staff. 

Changes on ihe Staff, , . . . ^ 

and two mining specialists. Dr. von Krafft 
died suddenly on the 22nd September 1901, but not without leaving 
behind him valuable reports and manuscripts which will be published in 
the Memoirs of the Department. By his death the Department suffers 
a most serious loss; Dr. von Krafft was not only specially trained for 
scientific work, but he was an exceptionally keen mountaineer and as 
such invaluable as an explorer of the highest portions of the Hima- 
layas. 

Dr. T. L. Walker resigned his appointment on the 28th December 

1901, having been nominated Professor of Mineralogy at the University 
of Toronto. 

Mr. G. A. Stonier was appointed officiating Chief Inspector of 
c. • Mines and as such acted under my supervision 

tmng peciatsis. Inspection of Mines office being 

established as a separate department under Government, Mr. Stonier 
was confirmed as Chief Inspector of Mines under date 7th January 

1902, and the Geological Survey lost his services as specialist. 

Mr. R. R. Simpson was appointed by His Majesty’s Secretary of 
State for India a coal -specialist on the 13th November 1901, but his 
services were utilised as Inspector of Mines under Mr. Stonier. 

It will thus be seen that owdng to deaths, resignations and the 
necessities of the Inspection of Mines Office, the Department was 
deprived of the services of four officers during the greater part of the 
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yeafj Which must be addfed the absence dn futlbiigh during part of 
the yeat Uiider review, Meissrsv Oldham, Middletaiiss, HoUafcld, 
Smith and Dr. Noetling. which casatlltleb have greatly reduced the 
total output of Work which iUight have beeft eipfected from the 
Depslrtment. 


I.— Museum and Laboratory. 

During the past year the curat orship was held from June till 
November by Dr. T. L. Walker and for the remainder of the year by 
Mr. Hayden. 

The arrangiiig, deaning and labelling of the cases has progressed 
steadily. It has also been found necessary to undertake the complete 
cleaning and re-Iabelting of the large and valuable '' Klipstein'^ coN 
lection of foreign fossils : for this purpose a special grant has been 
sanctioned by the Government of India and a staff of native label- 
writers has been eng^Lged. T'he work of cleaning the cases and speci- 
menfe will probably be completed by June 1962, but riiore than a year 
will be required for the re-labelling. 

Several valuable additions have been made to the collections 
during the past year, one of the most interesting of which is the 
Sindhri meteorite ; this is a stony meteorite, weighing 7,837 grammes^, 
which fell on loth June 1901. It may be remarked in this connexion 
that the Government of India, Department of Revenue and Agriculture, 
Circular No. dated 28th April 1885, enjoining the despatch to 
the Geological Section of the Indian Museum of all meteorites falling 
in British territory, has become practically a dead-letter, and the 
attention of local Governments and of district Officials might With ad- 
vantage be drawn to it. 

The following donations have beeii received during the year 

DonoK 

Seven meteoric irons 

Seven stony meteorites . 

Specimens of muscovite from Inikurti, Nellore E. H. Sargent, Esq., NelFore. 
district «•••••• 

C6pper and copper slag, obtained in the F. Thompson, Esq., Sara Sing, 
smelting of Chalcopyrite, from Komai, Dar- Jalpaiguri. 
jiling district. 


] 


Prof. H. A. Ward, Chicago. 
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Over three hundred assays and determinations, detailed lists of 
which will be found in the quarterly notes, have been made in the 
Laboratory during the past year. 

The curator reports that he is greatly indebted to Mr. T. 
Bl'yth, Assistant Curator, for the valuable assistance rendered by him 
in the Museum and Laboratory. 


2*— Palaeontological work. 

During the year the collection of fossils belonging to the depart- 
ment was largely augmented by most valuable additiops collected by 
(i) Messrs. La Touche and Datta in Burma, (2) Mr. Hayden in Spiti, 
and (3) Mr. Vredenburg in Baluchistan. The naming.and cursory ex- 
amination of the same will take the entire recess season of 1902, but 
it will take years to fully describe the most important part of these 
fossil collections, and this will only be possible through the co-opera- 
tion of palaeontologists at home, as the material is of far too vast a 
nature for one specialist to describe during a life-time^ 


{a) Descriptive work in India- 

Dr. F. Noetling returned from leave on the 29th of October and 
Dr. f. Noetling. resumed the description of the Tertiary fauna of 
TerHarifem^efSind. particular that of the Nari stage. The 

determination and description of the Pelecyfoda 
is almost finished, but it is not intended to publish it as a separate 
memoir until the Gastropoda are completed, which will enable him to 
form a more accurate opinion on the fauna generally. 

The examination of the Pelecypoda points to the conclusion 
that the age of the Nari stage can hardly be older than the Priabona 
beds of upper ^taly, though it is even possible that they are somewhat 
younger. The Nari stage may therefore represent the top of the 
eocene series. The examination of the Pelecypoda has further 
proved that there is hardly any faunistic similarity betw’een the Nari 
and the younger Gaj stage. This is a very important fact inasmuch 
as It would prove a faunistic break between the eocene-Nari and the 
niiocenc-Gaj series. 



5 


General Report for igot*rgo 2 * 

The description of the lower trias fossils of the Himalayas engaged 
Dr. von Krafft during the- entire recess season 
of >501 up to the day of his death. It is as yet 
impossible to say how far his descriptions of new 
species are ready for publication. Amongst his, papers were found 
more or less complete descriptions of species belonging to the follow- 
ing genera : — 

1. Meekoceras, Hyatt. 

2. CeratiteSi de Haan. 

3. Xenodiscus, Waag. 

4. Hedenstr(Bmiay^2,z!g. 

5. Frechiceras^ nov. gen. 

6. Sibirites^ Mojs. 

7. ProptychiteSy nov; gen. 

8. FlemingiteSi Waag. 

9. Nannites^ Mojs. 

These are also partly illustrated by drawings, but the work of 
revising the text and comparing the type specimens with the same^ 
not less than selecting suitable figures to illustrate those which have 
not yet been figuredi has still to be done. The work when completed 
will no doubt form a very valuable contribution to triassic palaeon- 
tology, even should it turn out to consist of fragmentary notes only. 


(i) Descriptive work in Europe, 

The work mentioned on page 4 of last year’s General Report is still 
in progress. 

Professor R. Zeiller has entirely finished the description of the 
Gondwana flora, and the work is printed and will 
appear within the next few weeks. 

Dr. F. L. Kitchin has furnished the full description, with 
plates, of the Trigoniee of the Kutch fauna, 
which will now be published as part 2 of 
Volume III, Series IX, of the Palaeontologia Indica. 

There is only a small remnant, consisting of the, remainder of 
the Lamellibranchiata^ which is awaiting description by Dr. Kitchin, 
which will be done during next year. 

The older palaeozoic fossils of the Himalayas, the description of 
which should be contained in Palaeontologia Indica, Series XV, Vol, I, 


In France. 


In England. 
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are still in England awaiting naming, but up to date it has not 
been possible to secure the services of an expert. Palaeontologists axe 
few in England, and apparently there are none with sufficient time 
at their disposal to undertake Indian work. 

t. Professor V. Uhlig has sent a first small instalment of the 
In Austria description of the Spiti fauna consisting of the 

genera Phylloceras^ Lytoceras^ Haplocerns^ 
HeciicoceraSf Oppelia^ Aspidoceras and Holcostephanusy which 
will be illustrated by 1 8 plates. There are 74 plates lithographe J up 
to date, so it may be expected that the description of the remaining 
genera will require several years for their completion. 

2. Professor Dr. Diener is at present engaged in describing the 
permian and carboniferous fossils of . the Himalayas, which bad 
recently been collected by Mr. Hayden and Dr. von Krafft, and these 
will probably not be finished before the end of 1902-1903. 
He has also promised to undertake the description of the new 
additions to collections of upper trias fossils. 


3.— f^ublkatiotis and Library. 


The following publications were issued during the past twelve 
months 

General Report on the work carried on by the Geological 

Survey of India, from the 1st April 

G*nef*t Report. 

Volume XXX, Part 3. Sivatnalai series of the Eleolite-Syenites, 
Hemoirs. by T. H. Holland. 

Part 4. Report of the Geological Congress of Paris, by Dr. 


W. T. Blanford, F/R^. 

Volume XXXI, Part l. Geology of the Son valley in the 
Rewah State, etc., by R. D. Oldham, P. N. Datta and 
E. Vredenburg, 

Part 2. A Geological sketch of the Baluchistan Desert and 
part of eastern Persia, by E. Vredenburg. 

Part 3. Petrological notes on some Peridotites, Serpentines, 
etc.^ by Lieut. -General C. A. McMahon, 'f.R.S. 

Volume XXXII, Part i. Recent Artesian experiments in India, 
by E. Vredenburg. 

Part a. Report on the Rampur Coalfield, by G. F. Reader. 
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Volume XXX III, Part 3 . On some auriferous localities in India, 
by H. H. Hayden and Dr. F. H. Hatch. ■ 

Volume XXXIV, Part i. On a peculiar form of altered peridotite 
in Mysore State, by T. H. Holland. 

New series Vol. I, No. 3. Fauna of the Miocene Beds of Burma, 
PaUeontologia IndUa. by Dr. F. Noetling. 

Series X, Vol. IV. Title page, contents, etc. 

Series XV, Vol. III. Title page, contents, etc. 

Popular Guide to Meteorites, No. 3, Appendix. 

Annual Report of the Inspector of mines for the year ending 
Inspecidtf qf wifiiSu 31st December 1900. 

The additions to the library during the year 1901-02 amount 
to 1,932 volumes of which 1,132 were acquired 
librpirsa presentation and 790 by purchase. 


IL-.FIELD PARTIES. 

During the year ending the 31st March the ofBcers of the 
jHsinhMUm o/ojSifers. Department were posted as follows • 


Mr. R. D. Oldham . 


Mr. T. H. D. La Touche 


Mr. C. S. Middlemiss 


Superintendents. 

Returned from furlough on the 17th 
July 1901 ; was posted to the suirey 
of the Simla hills and the Sulaiman 
hills west of Dera Ghazi Khan. Left 
Calcutta on the 29th August 1901 and 
returned to headquarters on the i8th 
March 1902. 

1 Returned to headquarters from the 
northern Shan States on the 29th 
April 1901; engaged in drawing up 
his report Was again posted to the 
northern Shan States from the 3rd 
November to date. 

Returned from furlough on the i8th 
December 1901 and was posted to the 
Vizagapatam hill tract from the 8th 
January to date. 
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Deputv Superintendents. 

Mr. P. N. Bose . . During April was engaged in surveying 

parts of the Jhaintia hills of Assam; 
returned to headquarters on the nth 
May 1901, where he was engaged in 
drawing up a report on the previous 
season's' work. Was posted to the 
same area for the cold weather period 
and left Calcutta for the field on the 
2nd December 1901. 

Mr. T. H. Holland . . During April 1901 was engaged in 

examining the neighbourhood of 
Dharmsala hill station and afterwards 
was posted^ to the survey of the 
Kangra district. Returned to Calcutta 
on the 22nd September and left on 
furlough on the 29th October 1901. 

Mr. P. N. Datta • • During April and part of May was 

engaged on the survey of the northern 
Shan Sates ; returned to headquarters 
for recess work on the 13th May 1901 
and during the cold weather months 
was again posted to the same area; 
left for it on the 5th November 1901. 

Mr. F. H. Smith • . Returned from furlough i8th November 

1901 ; was posted to the Chota Nag- 
pore mineral survey and left for his 
post on the 5th December. 

Assistant Superintendents. 

Mr. H. H Hayden . , During the rainy season of igoi was 

deputed to the Spiti Himalayas to 
complete his previous surveys of that 
area. Left on. the 7th June 1901, 
returning from there on 29th October, 
when he took over the duties of curator 
of the Museum. On the 4th March he 
was deputed to Assam to report on 
the condition of the hill section of the 
Assam 'Bengal railway and the coal- 
seams which occur in the neighbour- 
hood. 
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Mr. E. Vredenburg . .Had been posted to Baluchistan during 

igoo-igoi and remained there till the 
1st October igoi when he returned to 
headquarters for the purpose of describ- 
ing his collections. He returned to 
the survey of Baluchistan in February 
1902. 

Dr. T. L. Walker , . Curator during the recess season of 1901 ; 

resigned his appointment in October 
1901. 

Dr. A. von Krafft , At headquarters during the recess season 

I of igoi ; died on the 22nd September 
igoi. 

Pal.®ontologist. 

Dr. F. Noetling . . On furlough during the recess season till 

29th October 1901 ; accompanied the 
Director on a tour to Burma during 
November and December. In March 
1901 was deputed to examine the 
Sambhar Lake in Rajputana. 

Specialist. 

Mr. G. A. Stonier . . During April 1901 was performing mis- 

cellaneous duties in connection with 
Mines inspection, and also was on 
deputation to Bikanir to select boring 
sites. Later engaged on the Jherria 
coal survey. Services transferred to 
the Department of Revenue and Agri- 
culture as Chief Inspector of Mines in 
India, 7th January 1902. 

. SUB-ASSISTANTS. 

Hira Lai and Kishen Singh. Were during 1901-1902 attached to 

parties of Messrs. Stonier, Datta and 
Smith. 

Assistant Curator. 

Mr. T. R. Blyth. . , Was on duty at the Museum during the 

entire year under report. 
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Geological Survey of India, 
A.— ECaNOMIC ENQUIRIES. 


I« — Gold. 


During the year under report only one party could be spared 

Chota Naopor systematic gold prospecting and that could 

Mr. F. H. SmitL *'■ scale in Chota Nagpur. 

assisted by Sub-Assistant Hira Lai, 
examined parts of the Anandpur, Porahat and 
Manharpur districts of Singbhum, lying to the north of Sonua and 
Goilkera, and to the north and south of Manharpur stations of 
the Bengal'Nagpur Railway. 

I myself visited the party during March and was much pleased 
Director. progress made in the prospecting opera- 

tions, regarding which Mr. Smith has sent in 
a. preliminary report from wluch the following notes may be 
quoted ; — 

“The g;eology of the area is very simple on the whole. The 
Geology. consist of the schists and slates of the 

transition system, with a very constant east and 
west strike, and dip varying from vertical to 50° N. At the same time 
there is a good deal of local crushing of the beds, with frequent 
evidence of faulting on a limited scale. In the hilly country the rocks 
'are tra-versed hy well-defined sets of cleavage and joint planes ; but 
the pressure which caused them has often disappeared, especially near 
the hill-tops, and the rocks shew a tendency to fall open, giving 
rise to extensive vertical fissures, which penetrate far into the hill-side. 
These fissures are a source of considerable confusion. The old 
workings are frequently found passing into them, and as the fissures 
are generally filled loosely with fragments fallen in from the sides, 
it is difficult to tell where the fissure begins and the working ends. 
It is quite possible that the ancients followed these clefts originally, 
taking them for ‘older workings’ and hoping to find treasure 
in them. 


The country rocks shew much weathering, and they are hydrated 
to a considerable depth. The most common type is a soft greenish 
clay-slate, locally steatitic or sandy. The harder rocks consist of 
chloritic, micaceous, hornblendic and haematitic schists, with their 
bands of- compact felsite. They shew, under the microscope, signs of 
great crushing and metamorphism, having a general epidioritic 
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^.ppear^t^^i with a few strings and ^aiU of mylonUic .quarts 
fragip^pfe mkJ minute crystals qI chlorite or micat and some secondary 
calcite. Occasional beds of ccwnpact dolomite occur» and also bands 
of aegregated haematite and qnartS'haematite breccia^ in the slates. 

Trap dyhea a^re of sosnewhat rare occwfence, QxjarUUe beds 
are aho very exceptional, A broad band of qaarts-haematite schist 
occurs in the AoHwabanga hiU,. and is slightly auriferous? but the 
only distinct bed of quartrite met with is that mentioned by Dr. 
Hatch at Pashardiah. This is twenty or thirty feet in thickness and 
traverses the country for a long distancei being seen again in the Koel 
river at Pera, ei^bt miles fo the oorth'Oast. There are probably one 
or two smaller beds associated with this main hand at Pavbardiah) 
and the rock is auriferous, though the gold appears to be very 
thinly disseminated through it. 

§ome the leaders mentiotted below, and possibly one or two 
d the reefs, neay also be due to themetamorphism of ori^aj quartzite 
beds in the slates, but the great majority are probably true reefs,— 
fissures gradually fille?d up with aecondiary quartz deposited with 
other minerals by percolating water. 

Quartz reefs occur abundantly throughout the transitum rocks, and 
the billy jungle tracts are covered with quartz 

QuwU reefs. pebbles and boulders derived from their 

outer opa 

Ihe reefs may be conveniently divided into three cksses by their 
visible characteristics. 

Class /.™-Conspicuoas reefs of compact, pure white, ‘hungry-look- 
i®S ' quartz, which stand out boldly from the surface, and have a 
considerable hiifluence in the shaping of the country, often occurring 
along the crests of hills. These seldom contain more than miiwte 
traces of gold, and may be neglected by the goldKseeker. 

Class. a.-r Reefs of a foot or more in thickness, of ferruginous 
quartz, generally blue or. grey in coteur; The latter characteristic is 
probably quite accidental, but the presence of iron scattered through 
the quartz constitutes the chief difference! from class i. 

The presence of iron is a sure sign of the likelihood of gold; and 
most of these reefs are auriferous. 

The iron also affects the physical character of the reef. The 
films and tl reads of iron ore are quick to hydrate, and' the soft 
mineral resulting is washed out of the crevices, leaving- the reef 
honeycombed and quite unable to withstand weathering in the way 
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the compact 'hungry/ quartz-reef does. As a matter of fact the reefa 
of class 2 seldom reach the surface intact, being disintegrated below ; 
ahd in many cases this goes on to such an extent that for some feet 
below the surface, even of the country rock, the reef may be traced 
down as a band of rubble consisting of fragments of quartz set in red 
mud, washed in from above and augmented by the hydrated iron. 
When this occurs at the bottom of an old working, it is impossible to 
tell exactly where man’s work left off and nature's began. 

.Class j— •' Leaders! This is a convenient term to denote thin 
strings and veins of quartz generally from half to three or four inches in 
thickness. The transition rocks of this area are seamed by such leaders 
everywhere and in all directions. The great nxajority of them 
resemble the reefs of class a, being of blue, ferruginous quartz usually 
auriferous and often fairly rich in gold. 

Reefs are found cutting the rocks in all directions, but as they 
were originally deposited in fissures along a line of weakness, it is 
natural to find that they shew a decided preference to follow a joint 
plane, and still more often the plane of bedding . . . 

Mr. Smith s report contains also some interesting notes on the 
traces of gold contained in the alluvial deposits and in the ddbris at 
the foot of hills, which are frequently worked by the native race of 
gold-washers, but it is quite evident that these gold sources have no 
practical importance for. the scientific miner, beyond guiding him in 
some iMtances in his prospecting operations. 

More important are the so-called old workings, which abound in 

Qli. mrtinjfi. Chota Nagpore and which are well known to the 
natives,— Kols or Mundas — who do not seem 
to possess any very well defined traditions about the origin of these 
old “ mines.” ^ Mr. Smith has carefully examined a large number of 
these old workings situated in the districts named above. To do so 
they had to be completely “un-bottomed " in every single instance, as 
ho indications are shown at the surface of the purpose for which the 
workings had been undertaken. I have myself seen the ancient 
workings in Rhodesia, South Africa, and can state with certainty that 
the latter differ in most instances much from these Chota Nagpore 
workings, although geologically there is a close resemblance in the 
geology and even the character of the reefs found in both areas. The 
Chota Nagpore workings differ also, as far as examined, from the 
numerous old workings in Mysore, which latter seem to show the 
possession by the ancient miners of greater skill and mining system. 
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Every indication seems to point out that the ChotaNagpore workings, 
as far as examined, are nothing more than old prospecting shafts and 
trenches,' and in most cases appear to have been planned by unskil- 
led men, and must have been abandoned by them without having led 
to the discovery of paying reefs, in the same manner as was done by 
so-called experts during the late gold ‘*boom” in 1889 and 1890. 
Whether any of the many hundreds of these old workings will actually 
be found to be the remains of ancient gold mines, only a long con- 
tinued and careful search will reveal. 

All that can now be said after Mr. Smith's carefully conducted 
inquiry is that practically all the quartz reefs, together with the net- 
work of leaders which traverse the country, contain a certain 
amount of gold, the richest amongst them from three to four dwt., but 
then only in patches. If may be said that the average yield is not 
more than a dwt. per ton, which under the circumstances could never 
pay for regular mining operations. 

Only one of the smaller reefs, hardly to be called such, but rather 
a small irregular leader, gave encouraging 
GaUna and gold, results On assay, and in that locality an irregular 
vein of argentiferous galena contains also an appreciable amount 
of gold, but the vein nips out and has not been further traced. To 
test this more extensively, a closer study, some development has to 
be done before a definite opinion can be pronounced. The assay of 
the galena alone, which consists of an irregular string of nests in the 
quartz, has yielded : — 

79‘3 per cent, of lead. 

34 oz. 2 dwt. 17 grains!of silver to the ton of lead, and 
II oz, 2 dwt. 3 grains of gold to the ton of lead. 

This result seems to be exceedingly encouraging, but as only a 
small outcrop has been observed, it will require actual development to 
prove more than the existence of a patchy vein of galena. 


2.— Copper. 

Copper ores were known to exist near the south-eastern boundary 
Darjiiino District. Darjiling district, and as they had at- 

Mr Ha dm tracted some attention, it was considered ex- 

aj> m. pedient to despatch an officer to the spot for the 

purpose of obtaining a report en the same. Mr. Hayden was therefore 
deputed to enamine this copper ore. The exact locality is situated 
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about four miles north of Sam Sing Tea Estate in the Jalpaiguri 
districti and it had not been reported on previously. 

The country rock consists of soft grey and green slate belonging to 
the Daling series, and is greatly crushed and contorted with a general 
strike of north**east to south-west and usually a high dip to north-west 
Small bodies of copper ore occur at various places in the slates and 
in quartzite bands associated with them and usually amount to little 
more than strings of aggregations of copper pyrites extending for 
only a few inches in any direction, excepting at one place near the 
left side of the Mo Chu (Murti river), where the ore is in form of 
fairly large masses of chalcopyrite with some quartz in bands parallel 
to the bedding planes of the rock. 

The assay value of the ores varies a good deal and no reliable 
opinion could be given of the value of the locality, as it is scarcely at 
all developed, but it seems to be encouraging enough to have it 
developed with the view of ascertaining whether it could not be 
worked to advantage. A considerable sum of money will be required 
to develop it extensively enough to ascertain the extent and richness 
of the ore body, which seems irregular in character. 


Biecanir. 


3-“Coal. 

Government having sanctioned my proposal to prove the coal- 
seams of Palana in the Bikanir State by borings, 
a contract was entered into with a private firm 
to undertake one diamond drill to a depth of i,ooo feet in order to as- 
certain whether there are other coal horizons besides the one already 
known. Mr. Stonier, the specialist of the department, was deputed 
to Palana to select the site which in all probability would offer the 
best chances for such a boring, and a tank capable of holding 10,000 
gallons of water was also prepared, but it is very regrettable that after 
a delay extending to about eight months the contractors have failed to 
carry out the undertaking, the failure being due to their selection of 
unsuitable machinery for this special locality. ‘ As no other private 
contractors are available in India, the task of proving the coal bear- 
ing formation of Bikanir has had to be postponed until Government 
possesses its own boring plant. 

Mr. Stonier was deputed in December 1900 to join Mr. Weight- 
man (the Engineer of the Jherria Connection- 
jHERRiA. Survey) at Katras. The objects of the Railway 
Survey were two-fold— 
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(1) To determine the best route for a connection between the 
alignments already selected for the Gya-Katrasgarh (East Indian 
Railway) and the Midnapur-Boojoodih (Bengal-Nagpur Railway) 
Railways, to serve as a main line of communication between 
Mogulserai and Khargpur. 

(2) In connection with i, to consider how branches and sidings 
can best be laid off this main line,, so as to enable the Jherria coal- 
field to be opened up in such a way that both the East Indian and 
the Bengal-Nagpur Railways may have equal or reciprocal facilities 
for dealing with the traffic and may share equally in its expansion, at 
the same time keeping in view the future development of the coal- 
field, and the desirability of affording to all colliery proprietors the 
option of sending their coal by whichever route they may prefer. 

After the survey had been in progress for a couple of months and 
a rough scheme had been decided upon, it became evident that a 
mining and geological expert’s advice was necessary before the align- 
ment of the colliery line could be fixed. It was expected that a 
month spent on the field would amply suffice for the collection of 
geological and mining information required for the purposes of the 
railway survey* It soon became evident^ however, (r) that mining 
operations were confined to a small area, (2) that very little was 
known about the remainder of the field. At first the chief object was 
the mapping of the upper seams, but as the work progressed it became 
necessary to examine the lower seams, and finally the survey of a 
small area was extended until it embraced the whole field. Jherria 
was geologically surveyed by Mr, T. H. Hughes in 1865 \vide 
Mem. Geol. Surv. Ind., Vol. V, Part 3), and in 1891 Mr. T. H. Ward 
(Assistant Manager, E. 1 . Ry. Collieries) numbered and traced out 
the seams ^Rec. Geol. Surv. Ind., Vol. XXV, Part 2, 1891)- 

The coal measures occur as an outlier of Gondwana beds sur- 
rounded by metamorphic rocks, the boundary in most cases (accord- 
ing to Messrs Ward and Stonier) being a well marked fault. The 
area is roughly lozenge-shaped with pointed ends, and has a major 
axis, W. N. W, 27 miles long and minor axis 94, miles long. 

The rocks in descending order are : — 

(1) Raniganj system, 

(2) Ironstone shales. 

(3) Barakar systeiri— 

[fi) Damuda series. 

( 5 ) Talchir series. 
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(1) The Raniganj beds occupy an area in the south-western por- 
tion of the fields and have recently been proved to contain two work- 
able seams of coal, near the base of the system. The seams are not 
worked on account of the want of the railway communication. It is 
specially interesting to note this new development in Jherria. Not- 
withstanding the fact that in the adjoining (Raniganj) coalfield, the 
Raniganj measures contain the chief seams, an impression had been 
formed that in Jherria these upper measures did not contain workable 
coal and the system had been neglected by speculators' who confined 
their attention to the seams in the vicinity of the railway, which was 
constructed shortly after Mr, Ward’s survey. 

(2) The Ironstone shales are conformable to the overlying and 
underlying systems, but the upper and lower boundaries are not well 
defined as in the case of the Raniganj field. An east and west fault 
limits the outcrop in the western area, but it spreads out easterly and 
occupies a fan-shaped area in the south-western portion of the field. 
The system does not contain^ but it overlies thick coal seams. 

(3) The Barakar system is divisible into two series of which the 
Takhirs are unimportant from a mining standpoint. The upper series 
has at least i8 seams (No. 18 was discovered during the progress of 
Mr. Stonier’s survey) which vary from 5 to 30 feet in thickness and 
have been numbered in ascending order. At both ends of the field 
the dip is high, but over a large area the seams are well situated for 
easy and cheap working, though in a number of places they are dis- 
located by strike faults and penetrated by dykes. The strike faults 
are numerous and their baneful influence on the value of properties is 
only beginning to be realized. The dykes are of two kinds, {a) mica- 
peridotite, ( 6 ) dolefite. The latter are generally unimportant, but 
the former have been particularly destructive, for they not only cut 
through the seams, but in many places pass in loccolitic form along the 
coal rendering it absolutely valueless for the present market. A num- 
ber of the workable seams are being actively mined, but operations 
are chiefly confined at present to the winning of coal near the outcrop 
in the area which lies to the east and south-east of the Khoda river 
(see Ward's map). The wrorkings are chiefly on seams Nos. 10 to 17 
and occupy a narrow strip in the form of an arc of a circle, chiefly to 
the south of the existing East Indian Railway branch lin^. The 
deepest shaft is 320 feet in depth. 

The seams below lo are worked in some parts of the field, but they 
are not as important as the seams above 10. 
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At the extreme south-eastern area seams Nos. 13 and 1.7 are feeing 
tained. The former dips at an angle of 28° and the latter at 48°. 

In the area west of the Khoda rivet there is little known about 
the seams : several of the mouzahs are- beling prospected by tunnels 
and deep bores. The general opinion held has been that this end of 
the field is of little value, but the opinion is based on a small amount 
of information and at present is not justified. The quality of coal 
very recently found compares favourably with the average of Jherria 
coal. 

The main line and two colliery lines were pegged out by the 
Railway Survey party, one running near the outcrop of No. 17 and the 
other above the outcrop of No. 16 seam. At the conclusion of the field 
work the East Indian Railway suggested a main line running through 
the coal-field. A report was written by Mr. Stonier and forms Appen- 
dix C. to Mr. Weightman's report, which was furnished to the Govern- 
ment of India. The whole question was considered by a Conference 
at Simla in July igoi at which Mr. Stonier was present and gave 
geological evidence. The report of the Committee which sat at the 
conclusion of the Conference has been published by the Government 
of India who adopted most of Mr. Weightman’s suggestions. 

The extension of the Burma State Railway from Mandalay to 
Lashio rendered it desirable to develop the coal- 
. fields of Lashio, concerning which Dr. F. Noet- 

ling had furnished a report some years ago. Mr. 
La Touche being already engaged on survey work in the northern 
Shan States, he was deputed to undertake the preliminary inquiries 
and he is now engaged on that work. Concerning the coal seams he 
reports as follows : — 

“The Lashio coal-freld is situated in the valley of the Namyao 
river about five miles to the north of Lashio in Lat. 23® o", Long. 97° 
50'. The tertiary beds, in which the coal occurs, extend over an area 
of at least ten miles in length from east to west and two to three 
miles in breadth. They consist of soft sandstones and sandy clays, 
without any bands of hard rock, in fact, the hirdest rock in the whole 
serieis, as seen in the outcrops, is the coal itself. The coal is confined 
to the lowest beds of the series, and the only outcrops found are 
situated along the western and southern edge of the basin. To the 
north and east the coal-bearing beds are overlaid by higher beds 
of the series, and do not appear anywhere at the surface. It is 
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impossible to say, without boring, how far the coal extends in that 
direction, and I have therefore marked sites for borings and arr ang ed 
with the Engineer-in-Chief of the Mandalay-Kunlon Railway to have 
them put down as soon as the necessary tools can be procured. The 
coal as seen in the outcrops, all of which I have had excavated in order 
that the thickness might be measured, is very variable in thickness, 
and it is not at all certain that it forms a continuous seam. The thick- 
ness varies from 30 feet in the most westerly outcrop, to four feet six 
inches. No estimate of the total amount of coal available is therefore 
possible until the continuity of the seams and their extension north- 
wards is proved by borings. Samples of the coal have been taken 
and will be submitted to analysis. The coal is always found below the 
natural water level of the country, and is therefore saturated with mois- 


Assam. 
ilfr. Hayden, 


turej and although it can be obtained in large masses it has a tendency 
to split into small fragments on drying. The roof ahd floor of the coal 
is invariably bad, consisting of soft sand or sandy clay, and unless a 
considerable portion of the coal itself is left as a roof to the workings, 
much timbering will be necessary. A very considerable water dis- 
charge will also have to be contended with,’" 

Mr. Hayden was deputed to Assam to examine the coal seams 
which occur in the Nambor forest on the eastern 
flank of the Mikir hills, situated near the Assam- 
Bengal Railway line. The coal occurs chiefly 
in two localities, about eight miles west of Borpathar, and in each case 
the outcrop is seen only in the river bed. The seams lie almost 
horizontally, striking north-north-east — south-south-west; the coal 
appears to be dirty and of very inferior quality. The samples are being 
assayed in the laboratory of the department. 

Coal is occasionally developed in the marginal sandstones of the 
cretaceous system in the Jaintia hills well within 
the Shillong plateau. Mr. Bose found two note- 
worthy occurrences of such coal, one at Wapung 
(seven miles east of Jowai), and the other at Lenkensmit (Dongchalaon 
map), six miles south of Wapung. It is an excellent caking coal. 
The seams nowhere exceed five feet or so, and they are, like the 
nummulitic coal of the area, very variable in thickness. From the 
exposures observed at both the places, there is a probability of a 
- workable extent of the coal. It will probably, however, have to remain 
untouched for a long time, as the cost of its transport to the plains of 
Sylhet and Cachar would be quite prohibitive. 


Assam. Shillong 
Plateau. 

Mr, P, AT, Bose, 
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fn the area, tinder description workable coal of nummulitic age 
occurs at Umlotodo (Lakadong) and at Narpo 
Hills Lakadong coal (which occurs in a band of 

^ ’ sandstones intervening between two bands of 

nummulitic limestone) has long been well known and was reported 
npon by Dn T. Oldham in one of the earliest memoirs of the Survey 
Memoirs/* Vol. I), It was worked to some extent about 40 years 
ago, chiefly by adits driven from the steep faces of deep glens where 
the coal is exposed, and to a small extent by shallow pits. The old 
workings have been closed since the earthquake of 1897. 


4 .-"Miscellaneous Minerals. 


During his geological surveys in the Jaintia hills Mr, Bose dis- 
covered two unpromising oil springs. The local- 
PeWoUum, eight miles east of Mulagul (Lat. 25*^ 

3', Long. 92^ 29') close to the eastern feeder of the 
Dona river. The oil oozes out slowly from greenish grey fine-grained 
upper tertiary sandstone, similar to the springs in the Khasimara 
valley) which were reported on last year. 

One of the first tasks which Mr. Holland undertook during the 
progress of the Kangra survey consisted in an 
examination of the slate quarries of Kanyira 
on which he has furnished a report, now about 

to appear in Memoirs, Vol. XXXI V, Part 3* 

The Sambhar lake in Rajputana, one of the most important sources 
of the Indian salt supply, has been observed to 
furnish diminished quantities of this mineral 
during the last year, and Dr. Noetling was there- 
fore deputed to specially report on the locality. That officer's 
selection was in part due to the fact that he has already obtaine 
experience in matters connected with salt, owing to his having made 
a close study of the bitter lakes of Palestine, on which he has published 


Slate. 

3fr. Holland. 


Salt. 

Dr. Noetling. 


a report. 

After a careful examination of the geological features, Dr. Noetling 
found that the lake is an entirely closed basin surrounded on all sides 
by the Aravali series. This basin of unknown depth is filled up by 
horizontally bedded, alluvial strata consisting mostly of fine micaceous 
silt, containing a few beds of hard calcareous strata, locally called 
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kankar. In several instances it was observed that the alluvial strata 
rest directly on the Aravali series, and Dr. Noetling concludes there- 
fore that no other beds of either mesozoic or tertiary age exist inside 
this basin, but that the bottom of the lake is formed by the Aravali 
series unconformably overlaid by the alluvial silt. 

The silt is percolated by a strong brine which rises up to a certain, 
for the present unknown, level in the centre of the lake and from 
there radiates towards the shore. The observed fact that in all the 
wells along the periphery of the lake the brine radiates from the centre 
is a distinct proof that it must rise from wells in the lake itself, and 
Dr. Noetling opines that it probably rises under considerable hydrosta- 
tic pressure along a fault in the Aravali series which is sup^rhcially 
hidden by the silt. This brine must be considered as the original 
source of the salt. 

When there is a good rainfall, the shallow depression on the sur- 
face of the alluvial silt is filled up by a sheet of sweet water of shallow 
depth ; this water takes up the easily soluble sodium chloride from the 
underlying silt, which it leaches, so to speak, of its saline contents, 
^hen the water resting on the silt is agitated by the wind, the. more 
concentrated parts at the bottom are replaced by water less saturated 
with salt and thus gradually a very pure brine, which chiefly contains 
sodium chloride, is formed on the top of the silt. By evaporation 
this brine is more and more concentrated and eventually used for the 
manufacture of Kyar salt. As the manufacture of Kyar salt is solely 
dependent on the secondary brine, it is obvious that in years of scanty 
rainfall, when the lake is not sufficiently filled, the production must 
fall off, as there is not enough water for the production of the secon- 
dary brine. It is further obvious that when there is again a succession 
of good monsoons, when the lake will be filled to the required depth, 
the production of salt will rise to its former height. 

So far no apprehension should be felt as to probable exhaustion of 
the lake unless it could be proved that the supply of the primary brine 
rising within the lake is failing. There are absolutely no observations 
with regard to this ; it is not known whether, for instance, the 
level of the primary brine has been influenced by the years of 
scanty rainfall. Dr. Noetling thinks it has not, or at least not 
materially, because the pits fkhals) from which the primary brine 
is baled out for the manufacture of pan salt are all situated almost 
along the shores of the lake. If the level of the brine had fallen to 
some extent, the edge of the brine would have receded towards the 
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centre, and instead of remaining as they are close to the shore, the pits 
would have had to be dug further away from it, towards the interior of 
the lake. 

In years of insufficient rainfall, when there is not enough water 
to fill the Kyarsjthe production of salt would, therefore, chiefly be de- 
pendent on its extraction from the primary brine, and unless it could 
be proved that the supply of this primary brine is failing, there is 
no reason to assume that the Sambhar lake has to be abandoned as a 
source of salt. 


WAY. 

Mr, Hayden, 


5.— Landslips. 

Early in March Mr- Hayden was deputed to Cachar to report on 
the geological features of the Hill Section of the 
Assam-Bengal Rail- Assam-Bengal Railway. He found the local 
rocks to consist of blue and carbonaceous shales 
of upper tertiary age, containing some gypsum 
and other soluble sulphates with considerable quantities of kaolinite* 
His analyses of the shale and its component minerals are not yet 
completed, but he reports that the results so far obtained point to the 
fact that the movements which have taken place in the cuttings and 
.tunnels are due in part to the presence of the above minerals. The 
cuttings, however, frequently pass through old landslip material, the 
removal of a part of which has resulted in a renewal of movement 
throughout the mass, and until equilibrium has been restored, this 
movement must continue. He recommends that certain precautions 
be taken to prevent, as far as possible, serious slips, chief among these 
being extensive and appropriate drainage. When the analyses of the 
specimens collected have been completed, a full report will be sub- 
mitted. 


B.-GEOLOGICAL SURVEYS. 

I.— Madras Presidency, 

Mr. Middlemiss returned late in December from furlough and was 
posted to the Vizagapatam hill tract; he has 
Vizagapatam hill sent in a short summary and reports as fol- 

TRACTS. 

Mr. Middlemiss, lows:— , , , 

“ I arrived in camp on the 9th January, so that 

the present account is the result of only about 2I months* work, of 
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which the earlier weeks were spent in familiarising myself with the 
rock groups treated of by my predecessors Dr. Walker and Mr. Smith. 
The work done is a continuation of theirs in every respect, and 
introduces little of any novelty. 

I entered these so-called Agency Tracts via the Minamalur gh&t in 
the Madgole zemindari, and have endeavoured to traverse and par- 
tially map in detail the country above the gh&ts lying between a line 
drawn north-west across the hills from the MinamAlur ghat and the 
parts surveyed by Walker. This was chiefly in the Jeypore State, and 
includes the north- eastern part of Atlas sheet 93 (S.E.) and the parts 
above the gbits in Atlas sheet 1 08. The whole area is a portion 
of the 3,000-feet plateau which here and there bears peaks rising 
to 4, coo and even $,qoo feet. It is generally forest- covered and 
sparsely dotted with villages along the flat rice-growing alluvial 
valleys. 

The great series of transition metamorphic rocks, concisely des- 
cribed under the heading of ‘ Crystalline Schists ^ 
by Smith (General Report, G. S. I., 1899-1900, 
pages 1 54-1 57), and as the ‘ Khondalite Schists’ by Walker (Memoir 
on the Geology of the Kalahandi State, Central Provinces, Mem. Vol. 
XXXIII, Pt. 3, in the press), are continued southwards, as was to be 
expected, into the area mapped by me this year. But in this area they 
present the fuller facies as described by Smith, including considerable 
beds of ferruginous schists, containing much haematite and limonite 
and bands of garnet magnetite rock, besides crystalline limestone, 
etc., and thetypichl quartz-garnet-sillimanite rock which is'everywhere 
extremely well developed. Although Walker has not mentioned these 
highly ferruginous varieties of the transition schists, it seems proba- 
ble that they are not entirely absent in the area mapped by him, as 
I have traced them up to and even into that area. They are well seen 
round about Dasmatpur for instance [Atlas sheet 108 (N.)] and are 
locally used for making iron. 

The conjunction of iron-bearing beds with crystalline marble (some- 
times, as mentioned by Smith and Walker, containing scapolite and 
diopside) and with quartz-garnet-sillimanite rock (typical Khondalite 
of Walker) reminds me of the somewhat similar association of rock 
types at Madukarai near Coimbatore, at Uttukuli and Viziamangalam, 
at Satyamangalam, and at other scattered localities in the Coimbatore 
district. 
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The great Gneissic series which underlies the transitions includes, 
as far as I have seen, most if not all the rocks 
Gneisste Senes, variously grouped as ‘ garnetiferous biotite- 

granite and granulite,* and ‘ hypersthene-granulite ' by Smith in 
Ganjam, and as ‘granitoid gneiss' and ‘ charnockite ' by Walker in 
the neighbouring area of Kalahandi State. It is too early yet to state 
any positive conclusions, but it seems extremely likely that the char- 
nockite series, though keeping a marked individuality over great areas, 
does elsewhere show strange varieties and modifications with apparent 
passages into more acid biotite-bearing gneisses, as both Smith and 
Walker have testified (General Report, G. S. L, 1899-1900, pages 
158 and 170), and as I have elsewhere described in the Salem district. 

Lateritic plateaux at about 4,000 feet are commonly met with 
Lateriie Nelam hill near Wondragedda up to the 

hills round Girliguma. In all cases which I have 
examined my observations confirm those of Smith in Gan jam that they 
are confined to areas of the transition schists, the laterite being 
directly derived from them by decomposition and concentration of 
the iron. This seems such a natural and normal result, when the 
highly ferruginous nature of part of the transitions is taken into 
consideration, that, in contemplating these striking horizontal plateaux 
running far round the horizon as they frequently do, the puzzle is not 
to account for the laterite, but to account for that which it has pre- 
served under its iron-bound cap, namely, the truncation of those hills 
to about the 4,000-feet level. For, as far as my observations go 
here, the lateritic plateaux are not horizontal deposits (ringing and 
burying what were once pointed peaks or irregular hills, but a genuine 
layer disposed above previously truncated hills.^' 


2.— Burijia. 

The geological surveys undertaken during the season 1900-1901 
and reported on., in last year's General Report 
left so many points in Burman geology unex- 
plained, and others on which the several observers 
differed considerably in their respective views, 
that it appeared necessary to revise some por- 
tions of this survey. A systematic geological survey, as conducted in 
other parts of the Indian Empire, is quite impossible in Burma owing 


NoRTHBfeN Shan 
States. 

Mr. T. D. LaTouche. 
Mr. P.N.Daita. 

The Director, 

Dr. F, Ncetline'^ 
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to the immense development of dense undergrowth in the vast forests 
which cover the greater portion of the country, and to this difficulty 
must be added the great thickness of superficial deposits, mostly of a 
lateritic nature, which cover all formations alike, and obscures in most 
places the geological structure entirely. 

Accompanied by Dr. Noetling I visited certain parts of the north* 
ern Shan States during last cold weather to inspect sections regarding 
which there were some doubts as to the age of their component beds. 
The chief sections were those of Kyauk-Kyan, Bawgyo (Kyinsi), 
Napeng and Gokteik. After this inspection, Mr. LaTouche had to 
take up the examination of the Lashio coabfield, but before doing 

Wetwin«i««.«,n. devoted some time to further researches 

near Wetwm and Padaukpm with the result of 
Obtaining from these localities a fine collection of middle devonian 
fossils. 


Mr. LaTouche also succeeded in clearing up some doubts with 
regard to the presence or otherwise of a boundary fault at Kyauk- 
Kyauk-Kyan/a««. between beds which had last year been 

looked upon as mesozoic, and the devonian lime- 


stone. These supposed mesozoic shales are undoubtedly devonian as 
their fossil contents (amongst which is a Conocardium) clearly show. 
The fault, however, does exist, having been proved by Mr. LaTouche 
by excavating the contact zone. It appears, probably, that the shales 
are intercalated between the limestone beds, which as may be seen at 
the Gokteik gorge form a wavy plateau, much shattered by local 
faults, and in a lesser degree, by extensive jointing. 

The joint visits of myself, with the Palaeontologist, Messrs. 
LaTouche and Datta-have satisfactorily established that the Napeng 
beds, which had been looked upon by Mr. Datta as mesozoic, together 
with the Kyinsi beds are approximately both of the same horizon, 
containing absolutely an identical fauna, amongst which a Conocardium 
is always met with, and they are also identical with the Kyauk-Kyan 
beds, the whole, therefore, forming part of a vast complex of devonian 
beds which seem to form the greater portion of the Shan plateau in 
those parts. Whether the so-called Gokteik beds belong to the same 
horizon may with considerable certainty be inferred, but the fossils 
are too poorly preserved and moreover are, so far as has been estab- 


lished, not vdt-y characteristic. It is pretty certain, however, that so 
far nothing has been seen of beds which fill in the gap between the 
devonian and the mesozoic systems. The trias which Was inferred last 
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year (see General Report, igoo-igoi, page 19) from some fossils which 
had been wrongly determined, does not exist. These supposed beds 
contain devonian fossils and that has been established now beyond 
a doubt. Certain red shales (with limestones and sandstones) formerly 
doubtfully supposed to be Jurassic, which are considerably developed 
west of Thebaw (near Namhsim and neighbourhood) have now been 
demonstrated to be mesozoic, probably either upper Jurassic or lower 
cretaceous. Mr. LaTouche has found numerous well-preserved bra^ 
chiopods in limestone beds of this formation near.SeEng in the 
Namyao valley, and recently Mr. Datta has discovered Trigonise 
in what appear to be the same beds near Hson-oi. 

Roughly speaking, therefore, the centre of the Shan plateau con- 
sists of palaeozoic strata; the bent and much shattered western 
margin of this plateau being chiefly made up of silurian strata followed 
eastwards by a devonian sequence, abundantly proved by fossils, and 
this complex of beds is overlaid in some manner not quite clearly 
established, by mesozoic (Jurassic or lower cretaceous) beds near 
Bawgyo, west of Thebaw- Whether the lower mesozoic beds with the 
trias are developed in that region has not been demonstrated yet, but 
it seems doubtful whether such do exist. 


3,— Assam. 

A considerable amount of surveys were added to those completed 

JAINTIA HILLS. duHog the last year ; the follow- 

Mr, P.N. Bose, notes were taken from his preliminary 

report. 

The area surveyed during last season is chiefly comprised between 
the Mangat and the Lubah rivers. The physical aspect of the eastern 
portion of the country presents a striking contrast to that of the 
western. Between the Mangat and the Mantedu (called Harry below 
Barghat) the undulating, gently-sloping Shillong-Jowai plateau drops 
suddenly from an elevation of about 1,400 feet to the Sylhet plains, 
the line of steep declivity corresponding roughly with that of the sharp 
faulted flexure which the rocks constituting the plateau have suffered 
at its edge. But east of the Mantedu-Harry river, the plateau to a 
great extent loses its distinctive character running into bold, scraggy 
spurs which merge on the border of the Sylhet and Cachar plains into 
a wild, jungle-clad tract of low hills. 
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The spurs and hillocks just mentioned are formed of upper ter** 
tiaries which attain enormous development in the 

Upp 9 r ferUartes, north-east of Jaintiapur. Their thickness in 

the Lubah valley cannot be less than 9,000 feet. They apparently 
rest upon the nummulitic limestone presently to be described, with 
perfect conformability, and are lithologically divisible into two sub- 
divisions of which the lower consists of rather fine-grained, compact 
greyish and greenish-grey sandstones with interstratified shales. The 
upper division (well seen in the vicinity of Jaintiapur, Nichinpur, and 
Mulagul along the northern boundary of the Sylhet district) indicates 
shallow-water conditions, and is composed of false-bedded soft, greyish- 
white, rather massive and indistinctly bedded grits and coarse sand* 
stones with subordinate darkish clays which often affect a nodular 
structure. In the sandstones by the Harry river below Nichinpur 
curious pockets (due probably to contemporaneous erosion) . were 
noticed which are filled up with the clay just mentioned and with fine- 
grained compact sandstone. 

Both these divisions are highly disturbed, but the disturbance is 
best seen in the lower of which good sections are exposed by the 
Nowagong, the Harry, and the Lubah rivers. The dip is seldom less 
than 35® and occasionally borders upon the vertical, and the strata are 
sometimes found to be folded. The dominant strike is E.N.E.-W.S.W* 
and the prevailing dip S.S.E. 

The nummulitic limestone is absent at Sokha and Lamin near the 
Mangat, but is fairly well developed at Nongta- 
(three miles east of Sokha). From the 
plateau it was traced eastwards through Umlotodo 
(Lakadong) to Narpo ; and northward, in attenuated and interrupted 
development to near Pombadong (five miles north of Nongtalang) and 
to Umlawang (12 miles north of Narpo). As usual, its .presence 
where it occurs in any force, is marked by Swallow holes of various 
descriptions from small circular holes to enormous deep, thickly 
wooded chasms and glens which are mostly drained underground* 
At the foot of the plateau it is absent from Dowki on the Mangat, 
to Laikro (three miles north-east of Jaintiapur) having in all proba- 
bility been denuded away. It, however, appears in great strength in 
the Harry valley at Barghat and Kharkl^na, and continues eastward to 
the Lubah valley, where it swells and widens out considerably, and is 
superbly exposed, the weathered surface being generally thickly stud- 
ded with fossils. 
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Cretaceous rochs. 


There are two distinct bands of limestone at Umlotodo aggregating 
some 250 feet in thickness, interposed between which occur some 
coarsish sandstones with carbonaceous layers. 

Sandstones referable to this system (internally greyish white and 
externally brownish and ferruginous) with shale 
intercalations in which carbonaceous layers are 
occasionally met with, have a very wide expansion east of the 
Mangat forming an extensive upland with rounded billowy undula- 
tions. They have usually a very coarse conglomerate at the base in 
which pebbles, mostly sub-angular and seldom well-rounded, are 
thickly and confusedly embedded. 

This sandstone formation contains fossils consisting of echinoids 
and bivalves in some profusion and a sprinkling of gastropods and 
cephalopods were collected from them at Sokha and Lamin. Among 
the bivalves a species of Ostrssa {Alectryonid) is the most 
prominent, having been met with in some abundance throughout the 
area. The lower series consists mainly of massive, coarse-grained, 
thick-bedded sandstones which are usually conglomeratic towards the 
base, the pebbles in the conglomerate being generally well-rounded 
and arranged in parallel layers. Fossils are very scarce, and, when 
found, occur towards the top just below the upper series. Thin films 
of coal are occasionally found in them ; and at one place (in the ravines 
south of Lamin) nests and strings of fossilised resin were encountered. 

The cretaceous strata rest with well-marked unconformity upon a 
much eroded surface of the older rocks. 

The Shillong -series, which in the vicinity of Shillong consists 
chiefly of quartzites and quartzitic sandstones, 
passes into micaceous schists with occasional 
bands of well foliated gneiss when traced south- 
eastward to the Mangat valley ; and this enhanced metamorphism 
is accompanied by increased disturbance. 

Intrusions of coarsely crystalline massive granite with conspicuous 
well developed felspar were noticed in the 
Shillong series at several localities, as in the 
Mangat between Pompsao and Simunting, 
near Doarblai, etc. There is also a magnificent display of it in the 
Mangat valley at and above Darrang, as well as in the valley of the 
Rangapani between Nongtalang and Sawasdia. Further eastward, 
however, it is entirely missed. In the gorge of thje Mantedu above 
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Barghat there occurs granite, but it is highly quartzose, fine-grained, 
and occasionally gneissose. 

Dioritic intrusions occur in some strength in the Shillong series in 
n. ... , the vicinity of Smit at the northern boundary of 

the Lailangkot-Nongkram patch of granite, and 

also near Doarblai. 


4.— Punjab. 

In the hills west of Dera Ghazi Khan the succession of rocks was 
DebaGhaz Khan found to be that described by Dr. Blanford, no 

HILLS. additions of any importance having been made. 

Mr. R. D. Oldham. ^ result of more extended surveys it has, 

however, been possible to determine the horizon of the quartzites and 
limestone classed by him as cretaceous. The massive white quartzites 
when traced northwards are found to be the same as those forming the 
southern end of the scarp of quartzites in which the petroleum of the 
Sherani hills occurs. In the Sherani country Mr. La Touche found 
the belemnite shales underlying these quartzites and in the country 
surveyed by Mr. Oldham they are everywhere separated from the lower 
nummulitic shales by a band of pseudo conglomeratic limestone, which 
he regards as a crush conglomerate precisely similar to that which is 
found at the top of the Dunghan stage in the Mari hills of Baluchistan. 
These two horizons show that the quartzites of the hills west of Dera 
Ghazi Khan must be regarded as the equivalent of the Dunghan stage 
in Baluchistan, that is to say as bridging over the interval between 
upper cretaceous and lower eocene. 

When passing through Dera Ghazi Khan Mr. Oldham took the 
. opportunity of examining the records of the ero- 

Ohaei Khan. sjon Of the Indus river at that place and is prepar- 
ing a memoir on the subject which will be of 
considerable interest from a geological point of view, though no longer 
of any direct practical applicability to the protection of the city from 
the Indus. He finds in the annual river surveys and records of erosion 
that the river has behaved as it should have been expected to from 
certain Uttle known principles first established in 1858 by the French 
engineer Dausse, which does not appear to have been known to the 
engineers m charge of the protective works. If the embankments 
built to prevent the escape of flood waters over the river banks are 
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maintained through the next flood season, it is probable that the river 
will leave Dera Ghazi Khan itself, but that the danger of its breaking 
away through the low ground to the west and devastating the district- 
will be increased. 


5,— Himalayan Ranges, 


Spiti. 

Mr. a. H. Hayden. 


During the hot weather recess season, May to October 1901, Mi. 
Parts of iheKKi^oRA T. H. Holland was deputed to the outer Hima- 
Wlley Lahoul. layan ranges of the Kangra valley and Lahoul to 
jjj gj^pg jjj geological maps of those parts. 
At the conclusion of the season Mr. Holland proceeded on a yearns fur- 
lough, and as he has not yet been able to compile the results of his 
work, it would be premature to give extracts from his monthly diaries. 
He has, however, sent in a short report on the Kangra slate quarries 
which is being published, seepage 19. 

Mr. Hayden proceeded to Spiti early in June 1901 in order to 
complete the survey of that area, which had 
been interrupted since 1899, now 

brought up the task to a certain degree of 
completeness. This wall form the subject of a memoir now being 
prepared by Mr. Hayden in which he was to have been assisted by the 
late Dr. von Krafft, who had accompanied him to Spiti in 1899 and 
had worked out the mcsozoic rocks in considerable detail, but vhose 
sad death in the autumn of last year has deprived us of much of the 
fruit of his valuable and conscientious work. 

During the past season Mr. Hayden devoted most of his time to 
working out the palaeozoic rocks of Spiti and Kanaur. 

Further collections which were made from the silurian beds under- 
lying the white (Muth; quartzite, have added considerably to our 
knowledge of the extent cf this system, which appears to embrace the 
whole of the series found in Spiti between the base of the red quartz- 
ite and the base of the white (Muth) quartzite, specimens of ^<7- 
merus oblonguSj Sow., having been found in the silicious limestone 
immediately underlying the latter bed. 

In Kanaur the system of limestone, shale and quartzite, so w'ell ex- 
posed between the Lipakaw and Yulang rivers, was examined in greater 
detail than had hitherto been possible and large collections of fossils 

c 
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were made. These have been partly worked out, and have been found 
to include numerous widely distributed carboniferous types, such as 
Syringothyris cnsfidatUy Mart, Atkyris roysiiy Leo., Stropkomena 
analoga^ Phill., Afhyris subtilita. Hall, Rhynehonella pleurodon^y^x* 
davrenxiana^ Kon., Reticularia lineata^ Mart,, Productus semireticu^ 
latuSy Mart., Productus cora, d^Orb., Chonetes hardrensis^ Phill.^ and 
many other forms. 

Further collections were also made from the permian beds near 
Po, in Spiti, but these have not yet been worked out. While in Spiti, 
Mr. Hayden’s attention was drawn by the late Dr. von Krafft to the 
fact that the triassic horizon of Rhynchonelta griesbachi^ Bittner, had 
not been identified in Spiti, though large collections had been made 
from it in the eastern Himalayas. A careful search proved that the 
species occurs also in Spiti, but fossils are extremely rare ; several 
specimens, however, of Rh. griesbacht w^ere obtained. This horizon 
had hitherto been looked upon as the base of the muschelkalk, but 
Mr. Hayden has now found both in and above it ammonites of lower 
triassic age, and this view must therefore be modified. 

During the search for the horizon of Rkynchonella griesbacht^ a 
bed was found some few^ feet low^er down containing numerous speci- 
mens of Pseudomonotis himaica^ Bittner. 1 he relative positions of 
these tw’’0 horizons had not hitherto been known with any certainty, 
but these have now been definitely ascertained. 

6.— Baluchistan, 

Mr, Vredenburg remaired in Baluchistan up to the end of Septem- 
ber igoi, after which he returned to Calcutta 

Mr. B. Vredenburg. i. i .£ i ^ 

to classify his extensive collections of rocks, 
minerals and fossils, the result of nearly a whole year’s field-work. 

A short notice appeared in the last ‘‘ General Report dealing 
with the work performed in the Nushki desert up to March 1901. 
April and May were spent in mapping the tertiary igneous intrusions 
of the Khwdja-Amrin, mostly granites and diorites. The rest of 
the season was occupied in the detailed mapping of the upper Zhob 
and some adjoining areas of the Pishin district, thus filling up the 
largest gap that still remained in the geological map of eastern Balu- 
chistan, as many parts of that area were either completely unknown 
or had been visited only during rapid traverses. Last year’s survey 



General Report for igo 1-1^02, 3t 

haJS yielded some very interesting results, foremost amongst which 
may be mentioned the delineation of a large outcrop of upper trias. 
The rocks of that age consist of a system of shales converted by 
cleavage into slates> interbedded with narrow bands of a dark, nearly 
black limestone. Their outcrop, which is considerable) occupies the 
southern side of the upper Zhob valley. Owing to some lithological 
resemblance, they were formerly regarded as identical with the Kojak 
shales which occupy the Toba highland and its eastern continuation 
north of the Zhob, although Mr. Oldham, in the second edition of thfe 
Manual, had already expressed doubts as to the correctness of grouping 
together the rocks on either side of the Zhob valley. I myself, when 
surveying in Baluchistan in 1893, found numerous species of Monotis 
sp. and an ammonite, described by von Mojsisovks as Didymifes 
afghanicus in the Palaeontologia Indica, and this proved that Baluchis- 
tan contained horizons of the upper trias. It was not practicable 
to trace the origin of those fossils at that time, and 1 .had to 
regard them as perhaps mere *^bloCs exotigues’* caught up in a 
Complex of later age. The work done by Mr, Vredenburg last year 
has established beyond the possibility of a doubt that the fossils 
were derived from the shales themselves. These fossils are scanty 
and poorly preserved, but widely distributed, and have been found 
in situ in every possible situation throughout the outcrop which 
is at least 50 miles long and in some places 12 miles broad. There 
must be a considerable thickness of these shales, but, as the com- 
monest fossil is everywhere the same one, it is probable that we are 
in presence of a single stage of the trias, powerfully developed, and 
repeated many limes by folding. The closely folded and crushed 
state of the rocks probably accounts largely for the scarcity of fossils. 

Side by side with the Monotis bearing slates, there are some very 
limited outcrops of fitsulina limestone of carboniferous or permian 
age which I had already noticed in 1893. The lithological sameness 
and great amount of disturbance conceal the nature of the contact, 
which is perhaps a faulted one. 

Great basic and frequently serpentinised intrusive masses, partly 
the core of a cretaceous volcano, break through these older rocks and 
have been often referred to as representing the Deccan trap eruption 
of the Peninsula. These and the triassic rocks formed a land surfaces 
during a considerable part of the eocene period : the tertiary olten 
begins only with the Spintangi which rests upon them either directly 
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OT with the intervention of the upper portion of the Gh4zii. When 
t ese rocks r^t upon the basic intrusions, the latter are found to have 
been converted into laterite down to a considerable depth. 

and thp there intervene between the Spintangi 

“e former an7 ^^•^°^ of variegated beds unconformable fo 
.. . containing fossiliferous limestones in their upner 

^fo? rth "l consideration of their unconformable stratigraphy, as well 
• • paleontological reasons, Mr. VredenLrg is of 

a nuXfi The fauna contains 

a number of lower Nan species, but some of the most characteristic 

fotL^^Gifof S*’ ‘‘Icntical with fossils occurring 

rntlld 1 “ the miocene of Europe. Amongst them may b! 

Td H r r ^^rtnala, d’Arch. and H., Pecien Javrei, d'irch. 

aU tvoLTr?"'' "f J-/e C. Sow. (= T. lucasanus, Brongn.) 
all typiwl Gi] species in Sind, Nerita martiniana, Math, frequent in 

which IS one of the commonest miocene form in Europe: the latter 

soXSantTn^r 1 “*^“ m" “Posn^es. Nummulites which are 
so abundant in the lower Nan are completely wanting. Dr. Noetlin^ 

^ common with other palaeontologists is of opinion that the lower 

formation " be maintained in that 

eocen^ irirnor'rri“^u^ geologists, but should be classed as 
eocene. It is not unlikely that the strata discovered in Baluchistan 

o^spond wuth some of the beds which, by common Lsent a- 
redded in Europe as true oligocene. It may be mentioned here 
that the true lower Nan, with its characteristic nummulites occurs in 

^d^'or ’No't? it in the Bolan pass, 

the latter instance, m the neighbourhood of Tanishpa Dr Noetlinff 
also discovered a higher fossiliferous horizon without nummulites 
which may belong to the miocene Gdj. It seems closely r^ to 


y.^oma. 


0„ hi» way to Baluelistan, Mr. Vradenburg apeol th. moolh of 
Mr. Vrtdtnburg. the present season in Sind, in con- 

vear« aon A tinuation of some of the work performed two 

y g . As a result of the study of the rich fossil collections both 
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from Sind and from Baluchistan preserved in the Calcutta Museum, 
Dr. Noetling and Mr. Vredenburg have found it necessary to intro- 
duce some further corrections in the tables of strata published in the 
two last “ General Reports.” The sequence of beds remains unaltered, 
but it is necessary to restore the names Ranikot and Khirthar to the 
position originally assigned to them by their author. The terms 
Ranikot and Khirthar were first employed by Dr. BlanfOrd to 
designate two well-marked divisions in the eocene of Sind, the former 
of the two being known only in some parts of southern Sind. In 
many parts of Baluchistan, the eocene is easily subdivided into two 
groups, the Ghdzij and Spintangi, and it has been repeatedly sug- 
gested that this twofold division may correspond with that originally 
made in Sind. It is only fair to state that these suggestions were 
generally made in reports written in the field without any opportunity 
of a direct comparison of the fossils. Whenever these came to be 
carefully studied, the differences between the Ghizij fauna and the 
Ranikot one became obvious, though it still remained to be proved 
that it was anything else but a difference of lacies, and there remained 
a general idea that the two groups m.ight be vicarious. The true 
equivalent of the Ghdzij had long ago been found in Sind in the 
richly fossilifcrous shaly strata which, in the Laki range, occur near 
the top of the Khirthar, but, owing to the supposed identity of the 
Ghdzij and Ranikot, this group remained overlooked in all the com- 
parisons that were made until attention was drawn to the fact by 
Dr. Noetling. When Dr. Noetling first came across these shales 
near the sulphur springs at Laki, he recognised at once their complete 
identity with the Ghdzij, and, following the accepted notion of the 
identity of the Gh 4 zij and Ranikot, he looked upon them as an inlier 
of the latter. This explains why, in the lists of strata published in 
the two last “ General Reports,” the upper limit of the Ranikot has 
been placed higher' than it originally was by Dr. Blanford. It was 
only during subsequent progress of their work that Dr. Noetling and 
Mr. Vredenburg came across fossiliferous exposures of the true 
Ranikot. It then became evident that the upper limit of the Ranikot 
is situated several hundred feet below the Laki shales which are near 
the top of the Khirthar, 
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The following column shows the succession of sitrata in the Laki 
range, the different divisions being rendered approximately propor- 
tionate to their relative thicknesses. 

I. — Shales and sandstones with some 
bands of limestone containing Cardita 
beaumonit\ zones 2 and 3 of the previ- 
ously published lists. 

II. — Deccan trap, zone 4. 

HI. — Ranikot series, as originally de- 
fined. Jn the Laki range' it consists al- 
most entirely of sandstones which are 
either quite unfossiliferous, or contain 
only imperfect plant remains. At the 
base, resting on the Deccan trap, there 
frequently occurs an oyster bed, zone 5. 
The uppermost portion is sometimes fos- 
siliferous, containing the new genus and 
species of zone 7. This curious species 
occurs also in the Cardita beaumonti 
beds, both in Sind and in Baluchistan. 

iV. — Principal mass of the Khirthar 
Hmestone, zone 9. The fossils usually 
weather out as casts except in the lower- 
most beds which constitute zone 8, of Macropneustes speciosiis, 

V. — Shales, clays and impure limestones, constituting zones 10 to 
13 of previously published lists. Dr. Noetling has shown that these 
correspond with the Ghdzij of Baluchistan. 

Limestone with large nummulites^ uppermost part of the 
Khirthar, zone 14. This corresponds with the Spintangi of Baluchistan. 

VII. —Mostly clays in which are intercalated some bands of dark 
brown richly fossiliferous nummulitic limestone, zones 15 to 17. This 
is the lower Nari. 

VIII. — Variegated sandstones and clays, probably upper Nari. 

IX. — Fossiliferous strata between the top of the variegated beds 
and the base of the Manchhars. Near Bagathoro the lowermost bed 
contains an admixture of Ci] and N^ri species, together with some 
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peculiar species occurring in the strata regarded as upper Nari in 
Baluchistan and not found in any collections from the lower Nari or 
the typical Gdj of Sind ; amongst them are Lucincu columbella and 
Nerita martiniana. These are probably nearly of the same age as 
the fossiliferous beds classed as upper Nari in Baluchistan. The 
general appearance of the fauna recalls the presumed G4j of Tanishpa. 
Above this bed, a slightly calcareous sandstone, are some limestones 
with typical Gij forms such as Echinodiscits and large specimens of 
Ostrea blanfordiana^ Noetl. Higher again comes a bed full of large 
specimens of Ostrea lingua. This bed is frequently met with at the 
base of the Manchhars. 

X.— Base of Ihe lower Manchhars which resemble litJhologically 
the lower Siwaliks of Baluchistan. The lowermost beds contain 
vertebrate remains. 

Neither the top of the Ranikot nor the base of the Khirthar are 
present in the above described section. It is doubtful how far the 
Ranikot and Khirthar are ever truly conformable, but. there is an. 
undoubted break, far more pronounced than elsewhere, in the Laki 
range, as was already pointed out by Dr. Blanford. Further south 
an important series of highly fossiliferous sjtrata overlie zone 7 of gen. 
nov. spec, nov., and underlie the true Khirthar. Nummulites make 
their appearance in great abundance in these beds which, in the 
neighbourhood of Jhirak, contain an abundance of true blemnifes side 
by side with the 7 iummtilites. Their mode of occurrence precludes 
all possibility of their being derived from an older stratum ; the horizon 
of gen, nov. spec, nov. is not exposed at Jhirak where the lower part 
of the fossiliferous series is hidden beneath the Indus alluvium. At 
Meting, west of Jhirak, the zone 8 of M acropneustes speciosus is 
easily traceable, but it is underlaid by other Khirthar zones rich in 
specimens of echinoid species, none of which pass downwards into 
the true Ranikot. Many of the Khirthar species described in the 
Palaeontologia Indica were obtained from the horizons underlying 
the zone of Macropficiistcs speciosus. Amongst the more abundant 
may be mentioned Porocidaris anomala^ D. and S., Rhynchopygus 
calderi^ and H., R.pygmxus^ D. and S., Hemiaster digonus^ 
d’Arch., Metalia sowerbyi^ d'Arch. In this neighbourhood where 
the upper beds of the Ranikot and the lowest of the Khirthar attain 
their greatest thickness, the separation of the two is still well marked 
by a ferruginous bed of latcrite, and it is doubtful whether even here 
there is a truly uninterrupted sequence. 
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One result of extreme importance is the following: it is now 
certain that, whilst strata of the age of the Cardita heaumonti beds 
are widely distributed in Baluchistan, the Ranikot series is absolutely 
unknown outside a comparatively small area of lower Sind. It is 
highly probable that the Ranikot beds are amongst the oldest strata 
yet discovered in any country that can be safely classified within the 
tertiary system. 

An error that crept into the General Report for 1900- 1901 may 
be corrected here. In mentioning the interesting occurrence of 
tertiary belemnties above alluded to, near Jhirak, on page 5 of that 
publication, the discovery was attributed to Dr. Noetling. The origi- 
nal finder was Mr. Vredenburg. 

When passing through Karachi Mr. Oldham found an opportunity 
Blown sand at Karachi. investigating the question of the sandhills which 

OldZ """ from Karachi to Clifton. 

The growth of these sandhills has been rapid 
during the last few years, but no accurate data are available, a survey 
has now been made which will enable their progress in future to be 
measured. The cause of the sandhills is locally supposed to be the 
dumping ;of dredgings from the harbour of Clifton. This appears to be 
an*unimportant factor compared with the general drift of sand along 
the shore; thej direct! cause is the closing of one of the original out- 
lets of the Karachi harbour, known as the Chinna creek, by which the 
tidal scour that kept the foreshore of the Clifton cliffs free from sand 
has been checked. An accumulation of sand has consequently been 
formed which stretches out beyond the former shore line and has 
formed a gathering ground from which the sand has been blown 
inwards by the strong winds of the monsoon. There appears to be 
no practicable cure, for the reopening of the Chinna creek is out of the 
question on account of the deterioration of the harbour which would 
result, and the only palliation possible appears to be the encourage- 
ment of the growth of the local couch-grass. 

C. L. GRIESBACH, Director^ 

Geological Survey of India. 


Calcutta: 

The let April igo2. 
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GENERAL REPORT 


ON THE WORK CARRIED ON BY THE 

GEOLOGICAL SURVEY OF INDIA 

FOR THE YEAR 

1902-1903. 


Part L—HEAD-QUARTER NOTES. 

I.— Retirement of Mr. C. L. Griesbach. 

I. Although this report is written and signed by his successor, 
eleven-twelfths of the work it reviews was carried out, and the whole 
of it organized, under the direction of Mr. C. L. Griesbach, C.I.E., whose 
term of office expired on the 24th February, when he retired under the 
55 years^ rule. 

Mr. Griesbach, in the interests of the work of the Department, has 
deprived me of the convenient instrument which he himself possessed 
in the Records for reviewing his predecessor’s services, when he took 
over charge of the Department from the late Dr. King in 1894. But 
whilst attempting to make this report a faithful expression of his last 
year’s work in India, and the final contribution to his record of official 
activity for over 24 years, I would like to take the opportunity of ex- 
pressing the hope that in his retirement from the service, but not from 
. geological work, he will receive further signs of the appreciation with 
which scientific societies in Europe have already marked the work 
done during his official career in India. 
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2 .— Appointments. 

2. The gaps in the officers’ list caused by the loss of Drs, Walker 
and von Krafft and Mr. Stonier, referred to in the last General Report 
(p. 2), have been repaired by the appointment of Messrs. L. L. Fermor, 
G. E. Pilgrim, and J. M, Maclaren, who arrived in India on the 29th 
October. 


3*— Director’s Tours. 

3. During the year under report, Mr. Griesbach made the following 
tours : — 

In May he visited Shillong to inspect the work carried on by 
Mr. Bose during the previous field season. During September he 
visited Kashmir and inspected the localities in w^hich Dr. Noetling 
had found Gondwana plants associated with permian marine strata 
[infra^ p. 22). 

Mr. Holland made a tour through the coalfields of Raniganj, Jherria, 
and Giridih during February. 


4.— Museum and Laboratory, 

4. Mr. H. H. Hayden was in charge as Curator throughout the 
year, and, in spite of the want of a subordinate staff for w^ork in the 
galleries, appears to have made satisfactory progress in labelling the 
collection which has been displayed in the show-cases. The collection 
of fossils, arranged in zoological order in the wall-cases of the palieon- 
tological galleries, were cleaned and re-labelled throughout, ^ and a 
further portion of the Indian rocks in the lower gallery provided with 
printed labels. 

5. The collection 9! minerals has been largely augmented by the 
addition of examples of a number of new and rare species obtained by 
purchase. As a reference collection the minerals now displayed are 
worthy of the creditable position which the Indian Museum now 
admittedly takes amongst the metropolitan museums of the world. 
The meteorite collection has been enriched by the addition of eight • 
falls not previously represented, bringing the total number of meteorite 
falls up to 380. 
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The way in which the Museum is intelligently valued by the public 
is shown by the complete exhaustion of every edition of the guides 
which have been prepared by officers of the Geological Survey. 

6. Much of the time of the Curator and his Assistant was taken up 
with the routine determinative and analytical work on specimens sent 
by other departments and the officers in the field : in this and in the 
work of the Museum the Curator reports that he has received from the 
Assistant Curator the same efficient assistance which has characterised 
every year of Mr. T. R. Blythes service, 

7. The following donations have been received during the year 

A specimen of galena, from Erki, 20 miles from Simla. 

Presented by Capt. Bernard Scott, LA. 

A specimen of asbestos, from near Sejavada, Alirajpur State, Bhopawar 
Agency, Panch Mahals. 

Presented by Balkrishna C. Joslii, Godhra. 

Specimens of the Barratta and Gilgoin station aerolites, found in 1845 ^i^d 
1889, weights 506 grams and 189 grams; and of the Tucson (Arispe) siderite, 
found in 1850, weight 287 grams. 

Presented by Prof. H. A. Ward, Chicago. 

A specimen of the Mount Joy siderite, found in 1887, weight 1,240 grams. 

Presented by the K. K. Naturhistorisches Hof-Museum, Vienna. 

Numerous specimens of bi-pyramidal quartz crystals, from limestone quarries 
at Katni, Jabalpur district. 

Presented by H. F. Cook and Sons, Katni, E. I. Railway, 

A specimen of the Bjurbole aerolite, which fell 12th March 1899, weight 
27 grams. 

Presented by the K. K. Naturhistorisches Hof-Museum, Vienna. 

A large specimen of copper pyrites from the Rajdoha Mining Company’s 
“ Gladstone ” shaft, 233-foot level, Rakka, Chota Nagpur. 

Presented by Gillanders Arbuthnot & Co., Calcutta. 


5.— Palaeontological Work. 

{a) Descriptive Work in India. 

8. The progress in descriptive palaeontology at head-quarters has 
been interrupted by the absence of the Palaeontologist in the Simla 
district and Kashmir from April to October and in the Salt Range of 
the Punjab from November to March, 

9. During the last recess, however, Mr. E. Vredenburg undertook 
the preparation of a catalogue of the Tertiary Foraminifera from 
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Sind and Baluchistanj paying special attention to the Nummulites, 
which are, on account of the way these peculiar forms became spread 
all over the great central ocean, stretching from Europe to South Asia 
in early Tertiary times, of unusual assistance in correlating the Lower 
Tertiaries of Sind and Baluchistan with those of the standard scale 
of Europe. Taking eight of the more important species which are 
common to Europe and India, we have the following correlation scale 
for the Nummulitic formations in the Sind-Baluchistan area 


Correlation of Nummulite-iearing beds of Western India. 


Sind and Baluchistan. 

European Stages. 

Lower Nari with N, inUr media 

Priabonian. 

Unconforniity 

Bartonian. 

Upper Khirth&r (with the Ghazlj and Spintangi of 
Baluchistan) contjuning N. perforata, N. (Asn- 
Itna) granuhsa,N.{Ass) exponens. 

Lower Khirthar with N. hiarriteensis and N, (Assilina'i 
placentula ' 

Lutetian. 

Unconformity 




Upper Ranikot — 


Zone 4 with N. planulata and N. [AssiUna'i cf. 

. ■ , 

Zone 3 with JV. (dM«7i«a) cf. «»7» . 

Zone 2 *^ 

„ > without Nummulites 

Zone I ) • 

Vpresian 

and 

Sparnacian. 
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( 5 ) Descriptive Work in Europe. 

10. Of the palaeontological work done in Europe the only results 
received during the year are embodied in an important memoir by 
Prof. Carl Diener, giving a description of the permian fossils collected 
in the Central Himalayas by Messrs. LaTouche, Smith, Hayden, 
Walker, and von Krafft during 1898 — 1900. The memoir, amounting 
to 214 pages of the Palssontologia Indica^ is now in the press. The 
additional details made available by this exhaustive work tend to 
accentuate the distinction in facies between the normal permian rocks 
of the Central Himalayas and the permian blocks which have been 
brought from some unknown region, and left as isolated crags on the 
younger strata. The permian fossils in these exotic blocks show 
greater afBnities with the Salt Range permian than with the strata of 
the same age in the Central Himalayas. 

6.— Publications and Library, 

n. The following publications were issued during the year: — 

General Report on the work carried on by the Geological 
Survey of India, from the ist April iqoi to thje 31st 
March 1902. 

Memoirs, Volume XXXII, • Part 3. Notes on the ** Exotic 
Blocks ” of Malla Johar in the Bhot Mahals of Kumaon, by 
A. von Krafft. 

Memoirs, Volume XXXIII, Part 2. Title-page, contents, etc. 

Memoirs, .Volume XXXIII, Part 3, ' The treology of Kalahandi 
State, Central Provinces, by T, L. Walker. 

Memoirs,. Volume XXXIV, Part 2. The Mica Deposits of 
India, by Thomas H. Holland. 

Memoirs, Volume, XXXV, Part i. Geology of Western Raj- 
putana, by Tom D. LaTouche. 

Palseontologia Indica, Series XVI, Volume 1 . Title-page, 
contents, etc. . 

Palaeonfologia Indica, New Series, Volume II, Article i. 
Observations sur quelques plantes • fossiles des Lower 
Gondwanas, par R, Zeiller. 

The additions to the Library during the year 1902-03 amounted to 
2,017 volumes, of which 1,184 were acquired by 

Uhtary. presentation arid 833 by purchase. 
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7.— Disposition List. 

12. During the year ending the 31st March the officers of the 

Department were posted as follows 

Superintendents. 

Mr. R. D. Oldham . . At head-quarters till November nth; 

posted to Upper Burma, Lower Chinrl- 
win and Pahoko districts. Returned 
to head-quarters February 3rd, and left 
for Jammu March 21st. 

Mr. T. H. D. LaTouche . Returned to head-quarters from the 

Northern Shan States on the 20th May 
1902. On privilege leave from 8tii 
September to 5th October 1902. Dis- 
puted to examine the Ladda coal-field, 
and returned to head-quarters on the 
8th November 1902. Posted to Burma 
from the nth November 1902, and 
returned to head-quarters on the 20th 
March 1903. 

Mr. C. S. Middlemiss . Returned to head-quarters from the Viza- 

gapatam hill tracts on the loth May 
1902. Posted to the same area from 
the ist November 1902 to date. 

Deputy Superintendents. 

Returned to head-quarters from Assam 
on the I ith June 1902 ; and left Calcutta 
for the field on the 32nd October 1902 
to continue his survey of the Jaintia 
hills of Assam. 

Returned from the Northern Shan .States 
on the 26th May 1902. Posted to the 

the 

4th November 1902. 

to head-quarters from Chota 
Namur on the 3rd May 1902. Po8t(;d 
to the same area on the 5th November 
1902. 

At head-quarters throughout the year. 


Mr. P. N. Bose 


Mr. P. N. Datta 


Mr. F. H, Smith . 


Mr. H. H. Hayden 
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Assistant Superintendents. 

Returned from Baluchistan on the loth 
June 1902. Left on 3rd November to 
make a survey of the Dhar State. 

Joined the Department 29th October 
1902. Deputed to accompany Mr. 
Vredenburg on the 3rd November 1902. 

Joined the Department 29th October 1902. 
Deputed to accompany Mr. LaTouche 
on the iith November igo2. 

Paleontologist. 

Dr. F. Noetling . . Deputed to the Dargoti State, north- 

east of Simla, on the 22nd April 1902. 
On completion of this special examina- 
tion, was posted to Kashmir. Returned 
to head-quarters on the 23rd October 
1902, and left on the 3rd November 
to accompany Professor E. Koken 
during his visit to the Salt Range and 
Siwaliks, and returned to head-quarters 
on the 5th March 1903. 

Specialists, 

Mr. R. R. Simpson . . Deputed to examine the coal of the 

Trans-Indus range, Mianwali district, 

‘ also to the Jammu territory, and left on 
the 14th January 1903. 

Mr. J, M. Maclaren . . Joined the Department 29th October 

' 1902. Posted to Chota Nagpur and 

left Calcutta for the field on the 7th 
November 1902. 

Sub-Assistant. 

Hira Lai ... During the field season 1902-03 was 

attached to Mr. Smith’s party in the 
Chota Nagpur division. 

Assistant Curator. 

Mr. T. R. Blyth . . 1 Was on duty at head-quarters through- 

I out the year. 


Mr. E. Vredenburg 


Mr. L. L. Fermor . 


Mr. G. E, Pi^rim 
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Part II.-FIELD-WORK. 

A — ECONOMIC ENQUIRIES. 

I.—Coal. 

13. Towards the close of the season 1901-1902, and after the sub- 
Assam ! mission of the report covering the work up to the 

discovered some rolled 
Mr.p.N.Sose. fragments of coal in a stream about 4 miles 
- ,j , ' . Barapani, near Shillong. On resuminsr 

field work this season, he followed up this discovery, and successfully 
traced the origin of the coal to some oiitcrops situated close to the 
head-waters of a stream known as the Urn Rileng at' the foot of 
Dinghie hill, about 2 miles west of the Shillong-Gauhati cart-road. 
The outcrops are much concealed by jungle and superficial deposits, 
but a systematic search and prospecting operations laid bare a fairly 
good section, in which several horizons of good coal were found the 
most important seams of which are two of 4 feet and 6 feet 6 inches 
thickness, respectively. 

M. Assays of two samples made in the Laboratory showed the coal 
to be of good quality, and its position- within 1 1 miles of Shillong and 
only 2 miles from the Shillong-Gauhati cart-road— warranted the insti- 
tution of a careful exploration of the field. The work of testing the 
resources of the field was undertaken by the Public Works Department 
with the assistance of advice from Mr. Bose. Two pits, put down at sel- 
ected distences from the outcrop, in the hope of meeting the seams and 
thus proving the horizontal extension of the coal, reached, respectively 
28 and 21 feet, when difficulties arose from the influx of water and it 
was decided to continue the test by boring. Matters were at'this in- 
conclusive stage at the close of the season, and an attempt will, I hope be 
made to carry out the work more energetically during the present year. 

15. During January Mr. Simpson undertook the examination of the 
Mianwali District, coal - deposits in the Isakhel tahsil of Mianwali 

^ , examined, which may be distinguished as— 

(1) K&labdgh area. 

(2) Kuch area. 

(3) Between Kuch and Sagruto summit. 

(4) Mulla Khel and Sultan Khel area. 
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16. The Kilabdgh coal deposits were found to be very variable in 
quality and thickness of workable seams, and tbs estimate of about 
50,000 tons of available fuel is based on the assumption that an average 
thickness of 4 feet would be maintained over the strike of 550 feet. 
At Kuch, about 6 miles further north and less favourably situated 
for transport to the Indus, a rough estimate was made of 11,000 tons 
of available coal for a seam averaging about 16 inches in thickness. 
The coal-seams opened by drives in the ground between Kuch and 
the Sagruto peak are not considered to be worth working. 

17. A more promising result was obtained in the fourth area exam- 
ined. From the outcrop seen in the Barochi gorge about 2 miles north 
of Mulla Khel, a seam, varying from i to 4 feet in thickness, was traced 
for about 6 miles to the south to a point west of Sultan Khel. Samples 
taken from this seam, and from the three other areas, are now being 
examined in the Laboratory, and when the assays are complete a 
report will be submitted on the probable value of, and best method of 
attacking, these deposits. 


Baluchistan : 
il/r. J?. Vredenburg, 


2.— Chromite. 

18. In April 1902 Mr. Vredenburg proceeded from Sind to Balu- 
chistan and examined the chrome-iron ore deposits 
in the Pishin and Zhob districts. The chromite 
occurs as veins and irregular, segregated masses 

in the serpentines that accompany the great basic intrusions of upper 
cretaceous age, which form particularly conspicuous masses amongst 
the hills bordering the Upper Zhob valley, both to the north and south. 
To the westward these serpentines continue into the upper valley of the 
Pishin river, which forms the geographical and geological continuation 
of the Upper Zhob, while to the east and north-east a few observations 
made at different times by various geologists indicate their continuation 
at intervals along the Lower Zhob, and even as far as the Tochi valley. 

19. One of the most promising localities occurs about 2 miles 
east of Kh 4 nozai in the Pishin district, where Mr. Vredenburg specially 
investigated a vein-like mass about 400 feet long with an average 
breadth of 5 feet. The vein consists of aJmost pure ore of great rich- 
ness. An analysis made in the Laboratory of the Geological Survey 
gave over 54 per cent, of chromium sesquioxide, and some parts of the 
vein show even a higher percentage. The locality is connected by an 
excellent road with Khanai railway station, 17 miles distant. 
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3‘— Fire-clay. 

20. The fire-clay previously noticed by Mr. Bose near Jowai was, 
at the request of the Honourable the Chief Com- 
missioner of Assam, re-examined and sampled 
for testing. The tests, kindly made by Messrs. 
Burn & Co., show that the material forms excellent fire-bricks capable 
of standing a great heat. Its occurrence in large quantity in the vici- 
nity of good coal makes it available for the manufacture of bricks, 
against which there appears to be only the cost of transport to a 
market. 


4 «"“Gold. 

21. On account of the numerous statements which have been 

made in the past about finds of gold, and of the 
Chota Nagpur* * o ^ 

Mr. H, Smith, Occurrence of ancient gold-workings in Chota 

Nagpur, a survey of the most prominent parts of 
the division was instituted in the season igoi- 
1902 by Mr, Smith and Hira Lai, and was continued during the past 
season with the addition of Mr. J. Malcolm Maclarcn to the party. 
The details of these investigations will be published in a special 
memoir now being prepared by Mr. Maclaren. 

22. The area examined covers parts of the districts of Mdnbhum 
and Singhbhum, with the tributary states of Gangpur, Bonai, Odepur, 
and Jashpur. The distribution of the geological formations, as 
corrected up to date, is shown in the accompanying map (fig. i). The 
large area marked as Dharwarian consists of a group of imperfectly 
foliated schists and phyllites, similar in general characters to the 
Dharwar Series in South India, and, like them, much older than the 
oldest unfossiliferous rocks distinguished as the Cuddapahs. A pro- 
minent and important feature in the country is the great Dulma band of 
dioritic trap which runs .from south of Dhadka, in Mdnbhum, into 
Western Singhbhum, has affected all the rocks in its neighbourhood, 
and appears to be responsible for the auriferous character of the 
quartz veins, as all the instances of gold found in situ^ have been in 
dose proximity to the Dulma trap, or to dykes of a similar petrological 
character. The most conspicuously auriferous horizon in the Dharwar 
series is a little south of the Dulma trap-band, just outside the zone of 
pronounced thermal metamorphism, and, judging by the distribution 
of alluvial gold at Patkum and in Minbhum, a similar auriferous 
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horizon exists to the north of the trap. The well-known copper- 
bearing zone, shown on the map further south, was not subjected to 
special study, the work being confined to testing the resources of the 
country in gold. 

23. Gold being a metal of very wide distribution and one which 
can be profitably worked in rocks carrying such small quantities, one 
is never safe in assuming from a few scattered observations that it 
certainly does not exist in payable quantities in any area of crystalline 
rocks. In the case of Chota Nagpur, without asserting that payable 
gold deposits do not possibly exist, the results of the present enquiry 
have not included a single instance which could be reasonably regarded 
as a legitimate mining proposition. 

24. With regard to the quartz reefs, the deposits are thin and their 

mineral contents ‘‘patchy,^' so much so, that 

Auriferous reefs. instead of expressing the richness in ounces per 

ton, the ore bodies are so small that they might more appropriately 
be expressed as grains to the ounce of quartz. The full report will 
show that the operations conducted by the survey party did not 
extend to any depth. But the common fallacy that an auriferous 
vein necessarily improves with depth has not been allowed to divert 
the party from the policy of making superficial examination of many 
outcrops instead of deeply prospecting a few. 

25. In the course of the survey, two doubtful prospecting proposi- 
tions were discovered, that is, two areas where, on commercial 
principles, further search for auriferous veins may be regarded as a 
justifiable venture. These are (i) the range between Ankva and 
Manharpur, and (2) the line lying about 3 miles south of the Dulma 
trap, connecting Sausal and Sonapet. The first is mentioned on 
account of the rich, coarse, alluvial gold found in the immediate 
vicinity, of the rich specimen of auriferous quartz picked up in the 
Ankua stream, and of the existence of large, well-defined quartz reefs 
in the neighbourhood. Along the second area nearly all of the gold 
hitherto found in situ in this division has been obtained. 

26. The recovery of gold from alluvial deposits offers no brighter 
Alluvial gold prospects than that of mining jthe quartzyeins. 

Hydraulic mining, as practised in other countries, 
is out of the question, on account of lack of water and the poverty of 
gold content. At Sonapet conditions for the storage of water on a 
large scale, and under sufficient head, are extremely favourable ; but 
the result of trials indicated the average gold content to be less than 
1 4 grains per cubic yard; and, considering the large capital outlay 


Alluvial gold. 
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necessary, this amount is far too small to give any hope of profitable 
return. At Ankua, also, water could be obtained at no great cost, 
but the gold content here is only about i grain to the cubic yard— even 
lower than that of Sonapet. It has been suggested that the richer 
gravels, at least, could be shifted at a profit to suitably situated tail- 
races by coolie labour, but, though this may be possible for dry 
gravel, the handling of gravel full of water would hopelessly handicap 
the undertaking. 

27. The suggestion to undertake dredging operations has also 
been kept in view ; but the conditions of the Chota Nagpur rivers 
introduce difficulties not usually encountered in successful dredging 
operations. Most of the rivers flow over the hard, upturned edges 
of schistose rocks, which, as in the Subanrikha, form a succession of 
rocky bars across the stream, between which native workers wash 
for gold. Operations would necessarily be intermittent on account of 
the annual floods, and with each flood the layer of wash ” stripped 
would be covered with several feet of fresh dSbris. The layers of 
gravel, not more than 3 to 6 inches thick, in which the gold is stored, 
rarely contain more than a grain of gold to the cubic yard. 

28. There is one possible exception to this general condemnation. 
In the Brahmini river, near Durjing in Bonai, the alluvial flat would, 
if the gold content were sufficient, make an ideal pond-dredging 
proposition ; but the tests made show a content of less than one 
grain to the cubic yard, which would be insufficient for profitable work. 

29. To what extent this general conclusion is justified by the 
observations made, the expert will be able to judge on publication of 
the details; but it should be understood that the operations which 
have been conducted have not exhausted the possibiliiies of the area. 
Gold is undoubtedly widely distributed— indeed, almost universal— in 
the country examined, and future explorations may possibly reveal an 
instance of local concentration in payable quantities. But the results 
so far obtained, of a fairly conducted exploration, are sufficient to 
show that, in the absence of such definite evidence, gold-prospecting 
in this area could not, except in the possible instances named, be 
honestly recommended as a reasonable venture. 

30. Whilst there are not wanting evidences of the persistent search 
for gold in Chota Nagpur during the past, there are no signs of exten- 
sive and’ deep ancient workings, such as are known in the auriferous 
tracts of South India. The general distribution of the metal evidently 
attracted numbers of native workers in the past, but there is no strik- 
ing instance to show that their efforts were maintained for long in any 
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one placC) and this interpretation of their results is in agreement with 
the conclusions of the survey just made. 


5.— Iron and Manganese. 

31. Amongst the questions of economic importance taken up 
Dhar! during the sun^’ey of the Dhar forest, the rich 


E. Vredenburg, 
Mr. L, L* Fermof. 


iron-ores which form fault-breccias received some 
attention. They follow lines of faulting, the 
richest hematitic deposits being found along the great fault which 
Dr. W. T. Blanford long ago recognised as separating the Vindhyan and 
Bijawar systems throughout the entire district from east to west. The 
main, and at present insuperable, difficulty in connection with the de- 
velopment of these ores on a large scale is the absence of mineral fuel. 

32. Manganese ores are widely distributed as a cementing material 
in the coarse conglomerate at the base of the Lameta series. These 
and some other minerals of possible value are now being analysed in the 
Laboratory, and will be reported in detail to the Dhar Durbar. 


6.— Lead. 

33, Dr. Noetling was deputed in April to the Dargoti State, north- 
east of Simla, to report on a lode of galena, re- 
- garded by the State officials as possibly valuable. 

His observations, supported by the assays made 
by the Curator, showed that the ore-body is neither rich enough nor 
large enough for successful exploitation. 


34 - 


Burma : 

Mr. E. D. Oldham. 


7.— Petroleum. 

During January Mr. Oldham examined the area covered by 
the newly delimitated blocks extending north« 
wards from the ground described by the late 
Mr. G. E. Grimes * in the Pakoku district. The 
absence of topographical details on the maps prevented the preparation 
of a detailed geological map ; but, by obtaining the positions of the 
boundary pillars, Mr. Oldham has succeeded in tracing the course of 
the anticline running northwards from the Yenangyat oil-field. 

35. Throughout most of its course Prome beds are exposed in the 
axis of the anticline. The first oil-sand is exposed in the Ngapok- 
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choung in block 48 ; the first four in block 57 and the first five in block 
67, after which, on going north, the axis of the anticline pitches rapidly 
to the north, and the exposure of Prome beds dies out completely in 
block 123. The structure is that of a productive oil-field, and it is 
possible that a remunerative supply of oil could be obtained j but the 
free exposure of the upper oil-sands must have led to the escape of 
large quantities, and the absence of cover, owing to exposure of the 
Prome beds, will prevent the development of pressure which gives rise 
to the flowing wells of Yenangyat, At the same time, although the 
known oil-sands may be less productive than at Yenangyat, lower beds 
are made more accessible for exploration by the rise of the anticlinal 
axis, and the possibility of the occurrence of lower oil-sands may thus be 
tested by boring. 


BAtUCHlSTAN : 

Mr, E* Vredenburg* 


Dhar : 

Mr. E. Vrcdcnburg. 


a— Water. 

36. During May Mr. Vredenburg was engaged in examining certain 
localities in the neighbourhood of Quetta to 
ascertain the possibility of obtaining a supply of 
artesian water, and points were selected where 

boring tests will be undertaken by the Local Government. 

37, During the survey of the Dhar forest attention was given to 
the question of water-supply, as the Nimanpur 
pargana is unfavourably situated in this respect. 
Nearly the whole of the pargana is in the condi- 
tion of a terrace situated at an altitude intermediate between that of 
the deep Narbada valley to the south and the much loftier Malwa 
plateau to the north. The flatness of this terrace is remarkable, and 
is explained by its representing an ancient cretaceous pereplain of hard 
Bijawar and Vindhyan rocks, cnce more brought to light owing to the 
denudation of the easily- weathered, overlying Lameta rochs. From the 
foot of the Malwa scarp to the edge of the cliffs that overlook the 
Narbada, the level of this land remains almost everywhere the same, 
generally a little under 900 feet. Water-courses are scarce, and 
develope into gorges which gradually become deeper as they approach 
the Narbada. In many cases the stream-beds get lost in *'swalIow’- 
holes,” and the whole plateau is thus drained so effectively, that it is 
very difficult to obtain any water during the driest part of the year, 
notwithstanding the fairly abundant rainfall. This circumstance, to- 
gether with the natural aridity of much of the Bijawar and Vindhyan 
outcrops, accounts for the region having never been occupied by a 
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strictly agricultural population, and since the abandonment of the iron 
mines, consequent on the importation of cheaper foreign metal, the 
district has been practically deserted. The physical conditions are the 
very opposite of those required for artesian wells. Nearly all the 
shallow wells fed by the surface water become dry during a part of the 
year, while the sinking of deep wells is too costly and too uncertain to 
be recommended. Hence in those parts of the plateau where patches 
of cultivable land exist (usually in connection with Lameta outliers), 
all efForts should be restricted to surface works, such as the construc- 
tion of dams, and perhaps of small canals. 

38. 1 hese remarks do not apply to the strip of land in the northern 
part of the pargana, along the foot of the Malwa scarp, where water 
usually exists at a small depth, and where the weathering of the basalt 
produces black soil of great richness. 

^.---GEOLOGICAL SURVEYS. 

I.— Assam. 

39. Mr. Bose continued his survey of the Khasia and Jaintia hills in 
Khasia and Jaintia Assam, extending the work on the one-inch scale 

Sheets 29, 30, 42, 43, and 44, and 
l^hus reducing by another 500 square miles the 
ground left unsurveyed. 

40. The accepted relationships of the formations mentioned in the 
two previous General Reports (igoo-1901, p. 20, and igoi«-i902, p. 25) 
have not been modified by this work. But a small coal-bearing forma- 

^ tion, near the head-vraters of the Um Rileng, 1 1 miles north of Shillong, 
discovered since the submission of the last Report, and at first announced, 
on account of the peculiar character of its coal, as cretaceous, is now 
doubtfully given a post-tertiary age by Mr. Bose. He has found, on 
tracing the rocks further westward into the valley of the Kakri river, 
within a short distance of Laidom, where the cretaceous rocks are 
typically developed, that the lithological dissimilarity between the new 
beds and the cretaceous is so great that he now doubts his original 
correlation. On account of the imperfectly consolidated character of 
the Una Rileng beds, he is inclined to regard them as comparatively 
recent in age. But the form of evidence is admittedly weak, and as 
there are signs of considerable changes in the physical features of the 
area since the deposition of the Um Rileng beds, the age of the forma- 
tion must remain, in the absence offossils, undetermined. The attempts 
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made to test the value of the coal-seams have been reviewed on a 
previous page (p. 8). 

2. — Baluchistan. 

41. The long-controverted question as to the age of the Takatu 
mountain near Quetta has now been definitely 
Mr. h. Vredenharg. settled. Some years ago Mr. F. H. Smith made 

a carefully detmled survey of the ranges, from which it became 
evident that the massive limestone, forming the main line of peaks, with 
a scarped face to the south-east and a dip-slope to the north-west, does 
not really overlie the cretaceous rocks of the lower ranges to the south- 
east, but has been brought into its place by an overthrust fault. The 
opinion as to its eocene age upheld for many years by previous ob^r- 
vers could no longer, therefore, be maintained. Some fossils showing 
mesozoic affinities were also found, but not sufficiently characteristic 
for a more precise determination of the age. Following Mr. Smith’s 
indications, Mr. Vredenburg came across several localities where the 
f oss ils are more plentiful, the most abundant of all belonging to two 
species of Spiriferina. These fossils occur in a thick series of shales 
and flaggy limestones, extensively developed in several parts of Balu- 
chistan, and of an age which cannot be later than liassic. In normal 
sections they always underlie the great formation appropriately named 
by Mr. Oldham the “massive limestone," in whose uppermost strata 
callovian fossils have been described by Dr. Noetling.' It is the latter 
rock, and not the Nummulitic eocene limestone, that forms the most 
conspicuous portion of the Takatu. 

3.— Burma. 

42. During the course of his work in the Lower Chindwin district, 
Mr. Oldham paid special attention to the pecu- 
Low“r cSmowN®’ Hax, crater-like hollows occurring in the tertiary 

DISTRICT: rocks. These hollows have precipitous sides, 

Mr. R. D. Oldham. sometimes a mile or more in diameter, 

occasionally including small lakes of salt water ; in one case near Laske, 
there were three confluent hollows, with low cross-ridges of volcanic 
ash between them, making a depression miles long, and reaching, in 
the centre and deepest hollow, 150 feet below the general surface of 
the country. The fragmentary materials in the country around include 
fragments of andesitic lava, mixed with blocks derived f rom the tertiary 

■ 1 Pal. Ind., ser. XVI, vol. I, pt. 1. 
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beds ; but unmistakable volcanic tuffs are found near by, lying on the 
pliocene sandstones, the original shapes of the accumulations having 
been modified by recent erosion. There are eleven of these curious pit- 
craters in the district, arranged along a line running about N.-E. — S.-W. 
for a distance of 13 miles, thus suggesting their connection with some 
tectonic fissure, which, however, has not been otherwise suspected or 
proved. They were evidently formed after the cessation of the normal 
volcanic activity known to have occurred in the area, and were produced, 
according to Mr. Oldham’s judgment on the facts, by sudden and violent 
explosions of gases, not follow ed by ordinary volcanic ejecta, but begin- 
ning and ending abruptly. It is interesting to note that the volcanic 
material of the neighbourhood is andesitic in its character, as the 
most violent of explosive eruptions have been those connected with 
andesitic material, the recent eruptions in the West Indies having 
added further instances. The full paper will be published in the 
Records, which are to be revived. 

43. The work which has been done in the Northern Shan States by 
Messrs. LaTouche, Datta, and Pilgrim, requires 
either a detailed explanation on account of the 
Mr.T, D.LaToucha, diflSculties which have arisen, Or a brief mention 
account of the few indisputable conclusions 
which have been obtained with regard to the 
stratigraphical characters of the country. The difficulties, treated at 
considerable length in the reports for 1899-1900 and 1900-1901, are 
not yet rennoved, and the conclusions, stated more precisely in 1901- 
1902, have yet to be substantiated by palaeontological work. The 
collections of fossils made during the past four seasons have now been 
sent to England for critical examination, and until they are accurately 
determined, the questions of correlation of the systems in Upper 
Burma with those on the European standard scale must be kept in 
abeymnce. 

44 ’ The premature discussion, however, of the question of correla- 
tion has regretfully obscured the actual observations, and has retarded 
the work of mapping the local natural groups of strata, which should 
be recognised and mapped as the first duty of the survey, apart from 
the interesting question of equivalence with the recognised systems of 
Europe. ^ No system of strata in India is coeval, beginning and 
finish, with any one in Europe, and the use of European terms should 
follow, not guide, the work of outlining formations on our maps. 
Whether a system of strata is palaeozoic or mesozoic the essential 
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cbaracteirs which give it an individuality as a system should be delineated 
and mapped, and that work will represent so much positive progress 
whether its exact age can be determined or not. 

45. In spite, however, of the confusion and the time which has been 
wasted over purely academic questions, the detailed lithological and 
stratigraphical description of the country has forced a recognition of 
certain of the groups with pronounced individuality, and the work 
which has been done in mapping, describing, and collecting from 
these represents solid and satisfactory progress. The formations about 
which there is no possible doubt have been outlined, and large collec- 
tions of fossils have been made. 

46. Mr. LaTouche has covered the new sheets, Nos. 239 — 241, 
published since the last report, and has completed the work partially 
done during the previous season on Sheets 285 — 2 87. He has also made 
a traverse through the Ruby Mines district, and, as far as the thick 
jungle would permit, has mapped the courses of several bands of the 
crystalline limestones in which the ruby is found. I'he details will 
be published when the survey has been completed; meanwhile, 
Mr. LaTouche, who is now on furlough, has taken the opportunity of 
obtaining the opinions of specialists at home on the fossils which have 
been collected, and will endeavour to arrange for their description in 
Europe in the hope of being able to supplement the field observations 
with palaeontological data sufficiently precise to permit of correlation. 

47. Mr. Datta has similarly extended the survey work to the east 
and south, completing Sheets 332 and 333, and covering parts of 331, 
379, and 380. 

4.— Central India. 

48. Mr. Vredenburg’s services were lent for the field season to 

Dhar forest ■ Dhar Durbar, and, with the assistance of 

Mr.E.Vredenburg. Mr. Fermor, he made a detailed survey of the 

Mr. L. L. Fermor. Nimanpur pargana, generally known as the Dhar 
forest. The obseivations made on minerals of economic value are 
noticed reparately (pp. 14 * 5 )i addition to these some ques- 

tions of geological interest ha%e been developed and settled. As an 
example of the three-fold work of the geological surveyor~thc delinea- 
tion of formations on the map, the application of newly-discovercd pheno- 
mena to current geological problems, and the recognition of possible 
occurrences of material valuable from an economic stand-point— 
Mr. Vredenburg’s work in this area merits the highest degree of 
commendation. 
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49. The most important amongst the questions which can fairly be 
regarded as now settled, is the age of the sandstones and conglo- 
merates, formerly regarded by Mr. J. G. Medlicott and Dr. W. T. 
Blanford as part of the Lameta series of rocks which were deposited 
on the old Gondwana continent before it was overwhelmed by the 
great flows of Deccan trap in uppermost cretaceous times. 

Later writers on the area came to the conclusion that some expo- 
sures of the sandstones regarded as Lameta probably belonged to the 
Gondwana system, and hopes were consequently entertained of finding 
coal in this area. The formation is fairly constant in consisting of an 
upper division, in which the prevailing sandstones are associated with 
sh^es and calcareous beds, resting on a lower division of conglomerate 

of well-rounded pebbles, em- 
bedded in clay or loose sand, or 
cemented by calcite, oxides of 
iron, or manganese. Throughout 
the greater portion of the area 
examined during the season this 
formation is unfossiliferous ; 
but at the south-western ex- 
tremity of the map (fig. 2), 
near Barwaha in Holkar terri- 
tory, the conglomerate contains 
typical BSgh (cretaceous) 
fossils. The fossiliferous conglo- 
merate is lithologically identi- 
cal with that which everywhere 
else in the area underlies the 
supposed Gondwana sandstone, 
and here also actually underlies 
the sandstone previously regarded as Gondwana. It is quite clear, 
therefore, that Dr. Blanford’s original correlation of these beds with the 
Lametas was correct. His conclusions, based on lithological similari- 
ties, have now been confirmed by observed continuity of the sandstone 
and conglomerate without fossils to the sandstone and conglomerate 
with unmistakable cretaceous forms. 

50. It follows also from these observations that the Lameta and the 
Bagh series are of the same age, the former being the deposits laid down 
in fresh water on the Gondwana continent, whilst the latter are those 
formed at the same time in the adjoining sea. The Barwaha exposure 
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thus indicates approximately the easternmost limit of trespass by the 
cretaceous (cenomanian) sea. 

51 . In another way this work has been interesting as a contribution 
to the physical geography of the old land area which was over- 
whelmed by the great Deccan lava-flows in uppermost cretaceous times. 
In places where atmospheric agents have cut through the protecting 
envelope of trap, the old weathered surfaces of the Lameta series have 
been exposed, showing ferruginous and manganiierous laterites, like 
those of modern times, and revealing the old irregularities of surface 
due to river action in cretaceous times. The filling-up by the lava- 
flows of the old ravines cut in the Lameta sandstones has led some 
previous observers to false conclusions with regard to the relative 
ages of some exposures of Lameta sandstone and adjoining trap. 
Near Chandgarh, for instance, where the Narbada cuts through a thick 
conglomeratic bed, the latter, on account of its high level, was formerly 
taken to be a sub-recent accumulation in the river valley; but 
Mr. Fermor, who crossed the exposure early in the season, was 
struck by the absence of basalt and agate pebbles amongst the boulders, 
as one would expect in a conglomerate formed at the expense of the 
Deccan trap. On returning later on, in accordance with Mr. Vreden- 
burghs instructions, to examine the exposure more critically, it was 
found that the apparent higher position of the conglomera^te was due 
to the Deccan trap having filled-in a deep valley in the Lameta beds.^ 

52. Observations which give us glimpses of the old cretaceous 
landscape which was obliterated by the great lava-flows do more than 
satisfy geological curiosity. The Deccan trap has protected the 
mineral wealth of the continent for over 200,000 square miles, and it 
probably hides more coal than that which has escaped the uninterrupted 
ravages of the weather in the parts of the country exposed 
throughout the subsequent tertiary era. The valuable seams of coal, 
for instance, accidentally exposed by the notch cut out of the 
trap in the Pench valley in the Central Provinces gives an indication of 
what is still hidden below. 

1 The recognition of a cretaceous age for these beds formerly regarded ^ 
sub-recent, leads us to suspect that the same may be true of similar deposits in 
other parts of India, for instance, those in which are situated the so-called alluvial 
diamond-workings of Bundelkhand. There are many features in connection with 
these deposits which confirm the suspicion that they are not recent alluvial 
deposits, but are probably lately uncovered patches of the Lameta series, and this 
conclusion, if established, will have an important bearing on prospecting opera- 
tions in Central India. 
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5.“Kashmir. 


53. Dr. Noetling was deputed to Kashmir in May to enquire into 
the relations of the permo-triassic rocks to 'those 
Dr. F. Noeihng. which, in the Salt Range and in the Central 
Himalayas of Spiti and Kumaon, have proved to be of such great 
interest to palaeontologists. Amongst the results of Dr. Noetling’s 
work, the discovery of the fossil ferns, Gangamopteris and Glossopteris, 
in beds apparently below permian marine strata has an important bear- 
ing on the geological age of the Lower Gondwana beds in Peninsular 
India — a question on which the Geological Survey of India had for 
many years to stand alone, and without the support of its own palaeon- 
tologist. Whilst the upper limit of the Gondwana system in Penin- 
sular India could be defined with precision as upper jurassic, on 
account of the trespass of the sea and the deposition of characteristic 
marine fossils in beds containing Upper Gondwana forms, there re- 
mained the great thickness of beds below in the Peninsula with fossil 
plants, amongst which Glossopteris and Gangamopteris^ occurring in 
the lowest stages, indicated (according to the European key to the 
palaeontological cipher) a jurassic age also. Relying on the accuracy 
of their stratigraphical work, the Geological Survey, led in this ques- 
tion by Dr. W. T. Blanford, insisted on the greater age of the Lower 
Gondwana rocks, and on purely indirect evidence fixed the base of the 
great system, in spite of the testimony of the Glossopteris flora, as 
approximately equivalent to the permian of Europe. Turning around 
to question the validity of the doctrines by w hich the Lower Gondwanas 
were considered to be jurassic on account of their fossil plants, the' 
Geological Survey added to the strength of Professor Huxley's con* 
tention that evolution amongst the inhabitants of isolated land-areas 


proceeds at dissimilar rates, in contrast to the greater uniformity in the 
distribution of marine forms ; and that, instead of the Lower Gond- 
wanas being jurassic in age, the evidence pointed to the existence in 
India (and in Australia, Africa, and South America, where similar 
rocks occurred) of Glossopteris and its relatives several geological 
ages before these forms made their appearance in Europe and in 
northern lands generally. 


54. The position taken up finally became strong enough— 
strengthened, in fact, by much, and often bitter, controversy — to 
force conviction on the geologists at home ; but still.directand positive 
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proof remained wantingi Now, however, if Dr. Noetling.ha8 correctly 
read the facts recorded in Kashmir, the final point has been estab- 
lished by .direct evidence. The discovery is sufficiently important to 
merit an immediate record of the essential details. 

55. At Khunmu, in the Vihi valley, 15 miles south-east of Srinagar, 
a series of volcanic beds are covered in order by beds of quartzitic 
sandstones and unfossiliferous limestones, on which shales containing 
remains of Gangamopteris were found, followed conformably by 
chert beds, and a calcareous shale with further remains of Gangamo^ 
pteris, associated with a ganoid fish of permian affinities, and frag- 
ments of a skull of Archegosaurus. There is then a break in the 
observations, due to the slopes being covered, by talus deposits, and 
the next beds exposed, dipping in the same direction, and presumably 
following the plant-bearing bed without a break, contain Fenestella 
with other Bryozoa. The Fenestella beds are covered by limestones 
with Spirifer derbyi, Productus indicus, and other well-known Salt 
Range fossils, which conclusively prove the permian age of the beds. 

56. Accepting Dr. Noetling’s opinion that the gap in the exposures 
could not possibly hide a fault (which might have brought the permian 
limestones into their apparent position above the plant-bearing beds) 
the section he has described shows by direct evidence from marine 
fossils, that the Glossopteris flora did actually exist in India in permian 
times. At this distance from the late seventies, when the position of 
the Geological Survey was so strongly assailed, the discovery produces 
no further comment than the remark that the plants are just where they 
ought to be expected. But those who took part in the controversy, and 
know of the di fficulties of trusting to the defence of indirect evidence, 
will, as many as are still living, receive the announcement of this 
simple fact with satisfaction. To them, and especially to Dr. Blanford, 
who has left such a monument of solid work in India, my congratula- 
tions are offered in the name of my predecessor, under whom the 
work was done, and in the name of my colleagues. 

6. — Madras. 

57. The area examined embraces the lower plainward edge and 

V.ZAOAPATAM HILL ^*“ 2 ® 3,000-feet plateau lying to the north 

tracts: and south of the Salur-Jeypore ghdt road, and 

Mr.c.s. JUiddiemiss. iucluded in Sheet io8 of the Atlas of India 
(i inch=4 miles), as well as the greater part of Sheet 93 S.-E., left over 



34 


-GEOLOGICAL SURVEY OF INDIA, 


from last year, To the above may be added a route traverse across 
Sheet 93 N.-E., vi& Jeypore, and also a flying visit to the manganese 
mines of Kodur (Garavidi, on the Bengal Nagpur Railway). 

58. The season’s work has s^ain resulted in the discovery of nothing 
but . crystalline rocks and the unfossiliferous old strata of probably 
Cuddapah age. The main groups of the crystalline rocks in the 
Vizagapatam hill tracts have now been outlined, and except for two 
small patches, one in the north-east of Vizagapatam district and the 
other in the south-west on the borders of Godavari district, this blank 
formerly existing in the geological map of India has been filled in. 

59. The rock-groups fall naturally into four main bands, which, 
with their N.-E. — S.-W. trend, determine the physical contours of the 
country. The north-western band, lying parallel to and adjoining the 
Bastar State, is a complex of hornblendic and micaceous gneisses and 
schists, often containing potstone, quartzites, frequently ferruginous, 
bands of augen-gneiss, forming the hills, charnockite in small quantity, 
and younger diabase-dykes.. The country composed of these rocks 
is, generally speaking, a flat plateau, or set of two or more plateaux 
ascending by steps from 800 feet in the south-west end to over 1,000 
feet in the north-east near Jeypore. This plateau bears a thick layer 
of soil of a bright red. colour, through which the unaltered rocks 
occasionally protrude as isolated hills and on the edges of the ghdts. 

60. With a fairly well-marked scarp and rise of about t,ooo feet, the 
boundary of the next band of rocks is marked off sharply from the first. 
This band is composed mainly of the charnockite series with associated 
khondalites, and grades into the third band on its south-east side, 
where, in addition to the charnockites and khondalites, gneissose 
granite and granulites make their appearance. These two— the second 
and third .band — together form a rough,, hilly country, traversed by 
flat, open valleys. The khondalites are regarded as originally sedi- 
mentary rocks, now completely metamorphosed by the intrusions of 
charnockite and granite. Amongst the results of contact-action Mr. 
Middlemiss has cited bands of magnetite, limonite, and manganese ores 
near the junction of the khondalite series and the igneous masses. 

61. The south-eastern edge of the third band forms a well-marked 
scarp traversed in the usual way by ghdts, as the rapid drop occurs from 
the 3,000-feet plateau on to the plains to the east. In this low land, 
formii^ the fourth band, the rocks are mainly of the khondalite series, 
through which occasional bosses of gneissose granite and charnockite 
protrude.. 
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62, The large mass of crystalline rocks thus briefly described con- 
tains the usual great variety of lithological types, a few of which, on 
account of their exceptional characters, deserve special notice- Near 
Koraput, for instance, Mr. Middlemiss found a band of elaeolite-syenite 
gneiss, which is now the second instance of this interesting rock-group 
in Peninsular India, the first found being that of Sivamalai in the 
Coimbatore district.^ 

Another rock-band contains so many exceptional minerals that the 
specimens will require a detailed study for their identification. Sap- 
phirine, a prominent constituent of one of these bands, is a mineral 
which has only been found in one other locality, namely, Fiskernas, in 
Greenland. This band has been traced for some 30 miles from Guda 
to Sampangputi, and the study of the large collection of strange types 
obtained will certainly lead to results of considerable mineralogical 
interest. 

63. Mr. Middlemiss is of opinion that the high-level laterite of 
these hills is a definite sedimentary deposit laid down in water. It is 
limited, he reports, to a fairly constant level, surrounding the hills like a 
shore-belt, through which the bare rocks now rise to superior heights, 
and were, he thinks, “ islands in the lateritic age.” On the inward 
side of the terraces there is, in each case, a shingle deposit of rolled 
and partly rounded pebbles of the underlying khondalite rock, set in 
a pisolitic laterite matrix. But no fossils of any sort have been found. 
This is an addition to the many theories which have been advanced to 
account for this peculiar formation, and it can only be discussed with 
fairness after a full display of the data. Judging, however, by the 
summary of observations at my disposal, I should not be disposed to 
regard this new suggestion as one likely to affect the growing con- 
viction that laterite is due to a form of rock-decomposition peculiar to, 
or at any rate specially prominent in, moist, tropical climates. 


7.— Punjab. 

64. In accordance with instructions from the Right Honourable the 
Salt Range 1 Secretary of State, Dr. Noetling was deputed, 

Dr. F. Noetling. during the cold weather of 1 902-03, to accompany 

Pro/. E. Koie'n. Professor E. Koken of Tubingen on his tour 
through the Salt Range. Only short notes of the observations made 
have been submitted by Dr. Noetling, and in these two important 
conclusions requiring further detailed support have been reported. 


* Memoirs, Geol. Surv. Ind„ vol. XXX, pt. 3. 
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65. The peculiar salt-marl, lying below the Cambrian strata, has 
been a puzzle to every worker in the Salt Range : the preservation of 
large masses of salt since pre-cambrian times, as its stratigraphical 
position appeared to indicate, is without a parallel ; and the fact that other 
salt deposits not far off appeared to be of tertiary age, as well as the 
abnormal characters of the salt-marl itself, have combined to suggest 
that its position immediately below lower cambrian beds must have 
been attained by some process other than normal sedimentation. 
These points have been noticed by many previous workers, who felt 
unable to offer a satisfactory explanation of the apparently anomalous 
phenomena. Dr. Noetling reports now that there are evidences of the 
whole sedimentary series, from cambrian to tertiary, having been 
thrust bodily in a southerly direction over the salt-marl, and that the 
latter is probably but another exposure of the tertiary salt-bearing 
formation like that represented at Kohat. The idea thus involves an 
extension of the thrust-plane noticed by Mr. A. B. Wynne many 
years ago near Kalabagh. There are many questions to answer 
before accepting this plausible explanation of the difficulty, and it is 
a subject of sufficient importance to merit more detailed observations 
than have been reported. 

66. The other point of interest is the discovery of further, and 
apparently conclusive, evidence in support of the theory held by the 
Department that the Salt Range boulder-bed is due to glacial action in 
permian times. On the northern slope of the western branch of the 
Makrach glen, where the boulder-bed has been removed by the weather, 
typical glacial striae were found on the cambrian magnesian sandstone, 
over which the ice must have moved. Evidence was obtained also to 
show that the facetted boulders, which have been so puzzling to 
glacialists, must have been planed in their peculiar way by being 
embedded in the rocks over which the glacier and its ground-moraine 
moved, a new face being cut when the boulder became shifted and 
turned over. It is to be regretted that specimens and drawings in 
illustration of these interesting observations have not been offered to 
the Department, the only account of the details available being those 
published in a series of joint papers by Drs. Koken and Noetling in the 
Centralblatt fur Mineralogies Geologie und Palesontologies 1903* 


Calcutta ; 
August 1st, rgog. 


T. H. HOLLAND, Directory 
Geological Survey of I rtdia^ 



